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This study sought to determine to what extent a centrally focused initiative
concentrated on how to teach students to not just write, but how to think, read, and speak
about real world problems in a persuasive manner based on multiple sets of data related
to science concepts, increased scientific argumentative writing proficiencies among high
school students. A secondary area this study attempted to explore was the correlation
between the implemented processes in the initiative and high school students’ scientific
argumentative writing proficiencies. The study was conducted in a mid-western high
school, population 1,088, with a select group of students in 9th grade chemistry-physics
N = 98. The students experienced evidence-based cross cutting literacy strategies and
scientific argumentative writing strategies over the course of one academic year. The
quasi-experimental, empirical study was designed to see if there was any significant
difference in students argumentative writing proficiency based on the analysis of pre- and
post-assessment scores. The descriptive measures used in the study measured the
correlations between the results and the initiative. Findings in this study suggest that the
strategies implemented caused student scientific argumentative writing to increase
significantly at a 95% confidence level.

The outcome of this study shows promise that evidence-based skills can be
transferred to more advanced science classes and increase student proficiency on state
science assessments. It can also offer an explanation about how to implement the
initiative so that other high school science teachers can teach students the skills.

© 2015 Ellen M. Karel
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PART I
INQUIRY PHASE: IDENTIFYING, CLARIFYING, AND DOCUMENTING
THE PROBLEM
This project was designed to examine a two-fold problem related to poor student
performance in the area of scientific analytical literacy at one small mid-western high
school. The school’s belief statement, “All students can learn: All students possess
unique skills, talent, and potential that can be developed” (School Improvement, 20112012, p. 5), reflects a focus on helping all students to succeed. Therefore, consistent with
this belief, critical thinking skills are heavily emphasized in the learning environment so
that each student’s potential can be developed in all content areas. Yet, in spite of the
school’s overall emphasis on critical thinking, the number of students who score at the
proficient level in science dropped significantly once Michigan Merit Exam cut scores
were changed to reflect college readiness standards. Evidence from scores on specific
aspects of the science curriculum suggests issues with analytical literacy. This study
explored to what extent a centrally focused initiative increased scientific analytical
literacy proficiency in the form of argumentative writing. Results are presented herein.
In this part of this project, two main topics are discussed. Both topics serve as
contextual background for understanding the research problem in this study. First, the
investigator provides an overview of the mid-western high school’s community,
demographic characteristics, and science department. Second, the investigator provides a
review of the factors that (a) contribute to the study’s problem and (b) help to illuminate
why this reoccurring problem continues to exist. Part I ends with a reflection on the
problem and its contributing factors, and affirms the decision to design, implement, and
assess an initiative to resolve the problem.
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Part II of this project consists of three sections. The first section describes the
initiative to address the challenges students are having in the area of scientific analytical
literacy at the mid-western high school in this study. The second section outlines the
action plan portion of the initiative, including its goals, strategies, progress monitoring,
and activities. In this section, the investigator draws heavily upon the research literature
as a basis for understanding why the problem continues to exist and how to create
processes to address related systems problems. In the final section, implementation
procedures for the initiative during the 2012-2013 school year are explained so that the
processes used in the pre-test phase of this study are made evident for later correlation to
student performance.
In Part III, the researcher outlines the initiative’s implementation procedures for
the 2013-2014 school year, the post-test year wherein student performance was measured
to see if there was (a) a significant difference in student writing proficiencies, and (b) a
correlation between the initiative and student performance. Associated with the
implementation plan, a section on budget considerations forecasts costs associated with
continuation of the problem.
The final part of the project, Part IV, explores pertinent data including descriptive
and inferential statistics in order to validate the causal relationship between the initiative
and students proficiencies. With this information in the forefront, the researcher
concludes the study with a summary of the findings in conjunction with
recommendations for addressing the recurring problem within the district.
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Problem Statement
As mentioned, this study explored to what extent and in what ways a centrally
focused program concentrated on how to teach students to not just write, but how to read,
write, and speak about real world problems in a persuasive manner based on multiple sets
of data related to science concepts increased student scientific argumentative writing
proficiencies. Currently, the mid-western high school implementing the program is
experiencing a reoccurring problem where the number of students who score at the
proficient level in science dropped significantly once MME cut scores were changed to
reflect college readiness standards. The long-term desired outcome of this program is an
overall increase in student proficiencies on the MME and future science performance
assessments; however, results on these assessments cannot be measured immediately.
Pre- and post-assessments, therefore, were used to measure a student’s ability to analyze
data and answer an essential question through the use of scientific argumentative writing.
Community and School Profiles
The mid-western high school in this study is located primarily in two adjoining
townships in the state of Michigan. In 2014, the township’s population ranked 177th in
the state. It was ranked 275th in 2011. The township’s growth has had a strong impact
on the school, including new students, changes in diversity, changes in the level of
education of parents, and an overall need for larger facilities. This community has US131 running through it north and south, and M-6 running east and west, making it easy to
commute to surrounding communities such as Grand Rapids, Holland, Kalamazoo, and
Lansing. The citizen profile based on U.S. Census (2014) data for the mid-western
community is reflected in the Table 1 below.

4
Table 1
Community Profile
Mid-western
Community

Michigan

Population

5,822

9,883,640

White alone

95.6%

78.9%

Black or African American alone

0.9%

14.2%

American Indian and Alaska Native alone

0.4%

0.6%

Asian alone

1.0%

2.4%

0%

0.0%

Two or more races

1.4%

2.3%

Hispanic or Latino

2.7%

4.4%

93.7%

76.6%

5.7%

9.0%

High school graduate or higher, ages 25+

94.3%

88.7%

Bachelor’s degree or higher, ages 25+

33.0%

25.5%

$63,808

$48,471

9.8%

16.3%

Native Hawaiian and Other Pacific Islander

White alone, not Hispanic or Latino
Language other than English spoken at home, ages 5+

Median household income
Persons below poverty level
Note. Source: U.S. Census Bureau (2014)

As shown in Table 1, many of the community statistics are similar to state
statistics, except in a few areas. First, the community’s cultural diversity is significantly
different than the overall state composition. The mid-western community as compared to
the state has a 16.7% difference in its White alone population. This same trend is
reflective in the school population. Second, the community population that speaks a
language other than English in the home is 4.3% lower than the state. This has
implications for the school’s educational setting, as its number of English language
learners has increased annually (although the population is still less than 10%). Third,
the statistics show the community’s population has more education compared to the state.
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Many educational research studies show the positive effect of parent education on student
achievement. Moreover, the community has only 9.8% of its population below poverty,
which is lower than the state average, and a decrease from 2008 when it was reported at
14.5%. In 2013, 27.02% of the school’s students qualified for free and reduced lunch,
which was a slightly lower amount than the district’s 28.36%.
Table 2 further describes the mid-western district and school’s demographics for
the Fall 2013 semester. The high school is in the top 5% of all high schools in the nation
(Newsweek, 2013). The majority of the students enrolled are White; however, the
number of students who live in homes where English is not spoken at home continues to
rise. Class sizes have risen over the past few years due to the state’s reduction in school
funding. The teacher-student ratio remains lower than most high schools of like size.
Table 2
School Profile
Mid-western
High School

District

1,088

3,723

White (%)

87.22

84.82

Black (%)

2.30

2.36

Hispanic (%)

5.33

6.20

Asian/Pacific Islander (%)

4.32

3.20

American Indian (%)

0.00

0.32

Multi-Racial (%)

9.00

3.09

24.00

28.63

Enrollment
Enrollment by Ethnicity

Economically Disadvantaged (%)
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Over the past several decades, enrollment at the high school has grown from
approximately 500 in 1990 to 1,088 in 2013. This growth has encouraged the community
at large to discuss trends in pre-Kindergarten through grade 12 through a strategic
planning process. The goals of the strategic plan are outlined below:


A shared vision of student outcomes among staff, parents, and community
stakeholders at all levels;



Collaborative master planning for facilities, finances and future growth
with Township and community stakeholders;



High performance delivery systems that have the flexibility and capacity
to deliver appropriate, quality learning experiences that meet each
student’s needs;



Building of human excellence by investing in the professional skills of
staff and the development of leadership within the district, and by
organizing human resources for maximum effectiveness;



Preserving tradition and expanding horizons by cultivating a balance of
traditional values and embracing of diversity; and



Recognition for excellence in the achievements of students, staff, and the
district as a whole.
The strategic plan helps to set vision for the district, buildings, departments, and

classroom. Excellence in achievement is an expectation. When excellence is not met as
measured by state and local assessments, school improvement plans are initiated. Both
plans (i.e., the strategic plan and the school improvement plan) are located on the midwestern public school district’s website. The following quote from the strategic plan
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helps to validate the importance of both plans and the importance of all stakeholders in
the district.
Moreover, we are justifiably proud of our school community’s work; we
have planned programs with transitional emphasis throughout our K-12
system. A carefully planned school improvement network integrated
within each school – supporting continuous improvement, obviously
enhances our powerful schooling processes. This type of collaboration and
cooperation is only possible with the decided efforts of our teachers,
administrators, support staff, students and parents; each understanding and
fully supporting our efforts and care.
Comparison of High School and ISD MME-ACT Composite Scores
Through continuous school improvement and a focus on high expectations at the
mid-western high school, students have shown a slight growth in performance on the
MME overall, as shown in Table 3. The average composite score on the ACT at the midwestern high school showed only small changes during the 2010 through 2013
timeframe, with its highest composite score of 21.7 in 2013, and its lowest composite
score of 20.5 in 2011. The mid-western high school’s science scores in that same time
period showed a slightly greater change, with a high of 22 in 2013, and a low of 20.9 in
both 2011 and 2012. Nevertheless, compared to all other schools in the intermediate
school district, the mid-western high school’s students have out preformed those schools
the district on average both in composite scores and on the science portion of the MMEACT.
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Table 3
Comparison of High School and ISD MME-ACT Composite Scores 2010-2013

Spring 2013

Average
Composite
Score
21.7

Average
Science
Score
22

Spring 2012

20.6

20.9

Spring 2011

20.5

20.9

Spring 2010

21.4

21.9

Spring 2013

20.3

20.7

Spring 2012

20.5

20.8

Spring 2011

20.3

20.7

Spring 2010

20.1

20.4

District

Test Cycle

Mid-western High School

ISD

It is important to note that the cut scores for the MME were changed during the
2011-2012 school year to reflect college readiness standards. On the graph below in
Figure 1, the blue line reflects how the mid-western high school students were
performing based on prior cut scores. After the new cut scores were put into place, the
number of students who were proficient dropped significantly. This is not because
students were performing differently; rather, the expected performance level became
greater and fewer students were performing at that level. The ultimate goal for the midwestern school is 100% of students performing at or above the new cut score, therefore,
there is currently a large gap in student proficiency and room for improvement in all
areas as measured by the MME.
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Figure 1. MME cut score comparison for 11th grade science district, ISD, and state.
Figure 2 represents the percent of the mid-western high school’s students meeting
college readiness on MME-ACT compared to students in the state of Michigan from the
2010 through 2013 school years. The mid-western high school students out performed the
state in all areas of the test. When examining Figure 3, one can see the difference on
performance on the science portion of the MME-ACT between the mid-western high
school and the state is significant. Nevertheless, too many students do not perform at the
level needed to be college ready. Thus, the problem as defined earlier must be addressed.
From the MME-ACT percent proficient data represented in Figures 4 through 7,
there are only two subgroups to consider; male and female; and free/reduced lunch and
not free/reduced lunch. Between 2010 and 2013, for all subjects measured on the ACT,
the subgroup male and female does not represent a significant difference. However,
between 2010 and 2013, for all subjects measured on the ACT the subgroup free/reduced
lunch is under performing the whole.

Figure 2. Percent of 11th graders meeting college readiness on the MME-ACT, Spring 2010, Spring 2011, Spring 2012, Spring 2013.
10

11

Figure 3. Percent of 11th graders meeting college readiness science on the MME-ACT,
Spring 2010, Spring 2011, Spring 2012, Spring 2013.

Figure 4. Mid-western high school 11th grade MME-ACT subgroups Spring 2010.

Figure 5. Mid-western high school 11th grade MME-ACT subgroups Spring 2011.
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Figure 6. Mid-western high school 11th grade MME-ACT subgroups Spring 2012.

Figure 7. Mid-western high school 11th grade MME-ACT subgroups Spring 2013.
As shown in Figures 4 through 7, in 2010, the difference in science composite
scores between the free/reduced subgroup and not free/reduced subgroups was 1.4,
whereas in 2011, a difference of 1.2 occurred. In 2012, there was a difference of 2.4, and
in 2013 there was a difference of 1.2. This appears to be only a small difference between
the two groups when looking at the composite score, but when those scores are converted
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into percentile ranking, there is a large difference between the whole and students who
are in the subgroup free/reduced lunch. In Table 4, a comparison between the MMEACT science test results for the whole group versus the subgroup of free/reduced lunch is
represented. In 2012, for example, there was only a 2.4-point difference between the
whole and the subgroup free/reduced lunch; however, the same difference at the
percentile level is 22 points. Therefore, the small difference in MME-ACT scores leaves
a false sense of security; the difference between the whole and the subgroup is much
greater when examining the percentile ranking. There is a need to implement a plan that
will benefit the whole, but will also use evidence-based best practices to help the
subgroup of free/reduced lunch. The strategies being used to meet the needs of these
students are not sufficient.
Table 4
Difference in MME-ACT Science Scores Between the Whole and Free/Reduced Subgroup
Year

Whole vs.
Free/Reduced

Difference between
Whole vs.
Free/Reduced

Percentile Whole
vs. Free/Reduced

Difference between
Percentile Whole
vs. Free/Reduced

2010

21.9 - 20.5

1.4

63 – 51

12

2011

20.9 - 19.7

1.2

56 – 42

14

2012

20.9 - 18.5

2.4

56 – 34

22

2013

22.0 - 20.8

1.2

63 – 54
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Detailed Examination of MME Scores with a Focus on Science
Upon detailed examination of MME scores, it appears that students have issues
with analytical literacy, which can be seen in the evidence presented in Table 5 below.
This set of data represents student proficiency by strand on the MME-MEAP test.
Consideration of math, reading, writing and science will be done to see if the cross
cutting analytical literacy skills are weak across these subjects.
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First, in math, the strand data for reasoning about numbers shows variation in
performance over time with a net average performance that dropped by 6.73% over four
years. The strand performance for math demonstrates a high average at 78% in the area
of probability, whereas the lowest average of 54% is for reasoning about numbers. Since
the problem in question in this study is about analytical literacy, it is important not to
overlook the performance of students on univariate data. Univariate data distribution
includes interpreting single variable graphs and tables looking for simple concepts of
mean, mode, median; dispersion (i.e., range, variance, max, min, quartiles, standard
deviation); and frequency distributions (i.e., bar graphs, histograms, pie charts, line
graphs, box-and-whisker plots). This strand stands out because it requires the use of
analytical literacy skills to understand questions. Therefore, because the mid-western
high school’s students had low performance in the cross cutting skills defined in the
Common Core standards and the proposed Next Generation Science Standards, there may
be a need for science teachers to consider how to teach these skills in the context of real
world scenarios so that student achievement increases in both science and math.
Second, in reading, the performance of students has remained flat over the course
of five years, even though this is a focus of school improvement. The MME is a measure
of students’ reading ability. If scores in this area remain flat, the expected performance
level will eventually not meet or exceed the cut scores for adequate yearly progress. This
implies that reading skills must be taught, reflected upon, and be part of the learning
process in science. If science teachers intentionally use evidence-based instructional
practices to teach science, then the reading scores should change in a positive direction
as will be shown through a literature review in the Contributing Factors section.
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Third, in writing, performance over the past five years has shown slight
improvement. Students show evidence that they are understanding the writing process
based on the average percent increase over the five years (+ 2.06), they understand the
purpose and audience that the writing must have (+2.5), all the while they understand and
can demonstrate effective language usage (+3.9). However, they still remain in the mid
to low 60% proficiency which is not at a level where all students must be for annual
yearly progress. One of the lowest performance strands is in inquiry and reflection, with
an overall downward trend of 3.12% since 2009. Additional practice with student
reflection through argumentative writing can be learned through an instructional process
in science. Therefore, this deficit supports the need to teach the skills in science.
The science test measures content from many different areas of the science
curriculum. Evidence found in Table 6 below shows there is much variation in the
percent increase since 2009 in most strands. This fluctuation can be due to the MEAP
test design. The MME-MEAP assessment must measure hundreds of content
expectations that span concepts from earth, life, physics, and chemistry. The MEAP test
design selects statistically random samples from each strand to measure proficiency.
This makes decisions about curriculum difficult, since personal connections and
vocabulary about concepts helps with a reading test. Covering all concepts measured in
the strands is incredibly difficult if time is given to teaching literacy strategies.
Moreover, there are some strands that students are consistently underperforming based on
the average change over time. Such areas of performance are the solid earth (-13.74%),
evolution and biodiversity (-1.52%), genetics (-7.15%), living systems and environment
(-11.02%), energy part b (-7.8%) and the fluid earth (-3.1%). Given the fact that the mid-
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western high school does not offer an earth science course as it is taught in 8th grade, the
strands related to earth science will not be part of the project. The other strand that must
be considered for this project is inquiry and reflection. This strand has seen an overall
upwards trend to 2.94% over the course of the past few years. The skills necessary to
increase the inquiry and reflection skills are all based on the cross cutting literacy skills
found in the Common Core and proposed Next Generation Science Standards.
Contributing Factors
The contributing factors outlined below are derived from research based on
quantitative and qualitative assessments from the mid-western high school. Moreover,
significant research from various educational sources was used (a) to affirm the need to
address these contributing factors and (b) in the development of the action and
implementation plans of the program under study. The factors that will be addressed are
specific to the mid-western high school, specifically 9th grade; however, the researcher
notes the problem is a systems problem, K-12. There are many developmental issues that
that may contribute to the problem in 9th grade science, and these factors should be
considered for further study, especially in the areas of curriculum, instruction, and
assessment.
The factors that will be addressed in this section include, but not limited to: (1)
the need for change due to legislated policy in the form of the new cross-cutting Common
Core standards, state assessments (e.g., ACT + Writing, the proposed NGSS, and other
proposed state assessments), (2) the sheer difference between the philosophy that literacy
skills inclusive of reading, writing, speaking, listening, and viewing are to be embedded
into all science courses, and actual practice in the science classroom; (3) weak

Table 5
MME-MEAP Greatest Area of Need by Standard 2009-2013 Math, Reading, Writing

% Correct

Average
%
Correct

%
Difference
between
2009 and
2013

%
Change
from
2009 to
2010

%
Change
from
2010 to
2011

%
Change
from
2011 to
2012

%
Change
from
2012 to
2013

%
Average
Change

Math

2009

2010

2011

2012

2013

Reasoning about numbers

57.7

63.4

50.3

57

40.2

54

-17.5 a

10 c

-21 a

13 c

-29 a

-6.73 b

Bivariate data: relationships

66.8

72.3

50.4

45.5

64.4

60

-2.4 a

8c

-30 a

-10 b

42 c

2.44 c

Probability models,
operations

NA

NA

72.5

76.2

86.4

78

86.4 c

—b

—c

5c

13 c

9.24 c

Univariate data:
distributions

NA

NA

73.9

66.9

51.5

64

51.5 c

—b

—b

-9 b

-23 a

-16.25 a

Reading

2009

2010

2011

2012

2013

Meaning beyond literal

53.8

51.7

58.7

58.3

60.1

57

6.3 c

-4 b

14 c

-1 b

3c

3.01 c

Strategy/development

54.6

57.9

65.1

65.8

56.8

60

2.2 c

6c

12 c

1c

-14 a

1.47 c

Writing

2009

2010

2011

2012

2013

Writing process

57.4

65.2

53.3

57.1

60.4

59

3c

14 c

-18 a

7c

6c

2.06 c

Purpose and audience

NA

61.6

60.6

60.6

65.5

62

—b

—b

-2 b

0b

8c

2.15 c

Inquiry and research

NA

61.4

70.9

55.5

NA

63

—b

—b

15 c

-22 a

—b

-3.12 b

Effective use of language

NA

56.7

62.6

58.6

63.1

60

—b

—b

10 c

-6 b

8c

3.90 c

Note. a = negative trend, strong intervention needed; b = intervention needed;

c

= positive trend.
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Table 6
MME-MEAP Greatest Area of Need by Science Standard 2009-2013

% Correct

Average
%
Correct

%
Difference
between
2009 and
2013

%
Change
from
2009 to
2010

%
Change
from
2010 to
2011

%
Change
from
2011 to
2012

%
Change
from
2012 to
2013

%
Average
Change

Science

2009

2010

2011

2012

2013

Earth systems

54.6

49.8

61.8

62.9

62.6

58

8c

-9 b

24 c

2c

0b

4.15 c

The solid earth

61.4

56.6

44.8

45.6

32.8

48

-28.6 a

-8 b

-21 a

2c

-28 a

-13.74 a

Forces and motion

50.4

53

72.7

72

67.8

63

17.4 c

5c

37 c

-1%

-6%

8.88 c

Organization of living systems

52.2

68.5

69.9

68.4

47.8

61

-4.4 a

31 c

2c

-2 b

-30 a

0.25 c

59

51.3

51.5

55.7

59.2

55

0.2 c

-13 a

0c

8c

6c

0.44 c

Inquiry and reflection

55.3

56.2

56.1

50.7

60.8

56

5.5 c

2c

0b

10 b

20 c

2.94 c

Motion of objects

52.8

69.6

66.4

78.4

56

65

3.2 c

32 c

-5 b

18 c

-29 a

4.18 c

Energy transfer and conservation

50.4

73

70.1

72.7

74.8

68

24.4 c

45 c

-4 b

4c

3c

11.87 c

Energy part A

58.6

52.6

60.9

62.9

66.2

60

7.6 c

10 a

16 c

3c

5c

3.52 c

Changes in matter

55.4

57.2

50.7

51.9

55

54

-0.4 a

3c

-11 a

2c

6c

0.06 c

71

72.6

65.9

70.6

66.2

69

-4.8 a

2c

-9 b

7c

-6 b

-1.52 b

Earth in space and time

50.2

51.3

46.1

50

59.2

51

9c

2c

-10 a

8c

18 c

4.73 c

Genetics

61.2

65.1

60.7

55.5

44.6

57

-16.6 a

6c

-7 b

-9 b

-20 a

-7.15 b

Living systems and environment

71.2

67

61.1

60.2

43.4

61

-27.8 a

-6 b

-9 b

-1 b

-28 a

-11.02 a

Energy part B

61.4

65.1

42.4

41.7

41.4

50

-20 a

6c

-35 a

2b

-1 b

-7.80 b

-40 a

19 c

-11 a

19 c

-3.10 b

Properties of matter

Evolution and biodiversity

The fluid earth
76.2 45.8 54.6 48.7
58
57
-18.2 a
a
b
c
Note. = negative trend, strong intervention needed; = intervention needed; = positive trend.
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instructional plans and practice concerning how to teach students literacy skills; (4)
limited use of formative data to change instructional practices for literacy and data
analysis skills in the classroom; (5) the lack of student reflection and metacognition about
scientific concepts and how they demonstrate their understanding to real world problems
through the use of argumentative writing; (6) the lack of professional development for
how to integrate literacy skills, specifically argumentative writing, in the context of
curriculum and how to plan for the shift in the curriculum. These six factors are
impediments in the learning environment, and when occurring simultaneously,
exacerbate the problem in this study, making its resolution much more difficult.
Common Core, NGSS, and State Assessment Standards
The first factor that contributes to the problem in this study is the need for change
due to legislated policy in the form of new Common Core standards, the proposed NGSS,
new state assessments (i.e., ACT + Writing and ACT), and the newly proposed state
assessment for science. The Common Core standards, and the cross cutting skills
proposed in the NGSS emphasize the need for deep thinking, analysis of data, analysis of
argumentative writing, and the ability to write a persuasive/argumentative piece.
Students are required to explore problems that require scientific understanding, as well as
understanding about how engineers would respond to the same problem to obtain
scientific results. Also, students are required to develop and use models or simulations in
science to predict and test the outcomes, all while they learn how engineers use models
and simulations to test solutions based on strengths and limitations. Students must
analyze and interpret scientific data to derive meaning in a given problem. Moreover,
students must demonstrate how to use statistical models to identify significant features
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and patterns. Finally, students must respond to questions or problems as a scientist would
by looking for sources of error. Additionally, students must respond to the same question
or problem as an engineer to determine the strength and constraints of solutions (Bybee,
2011, p. 18).
The new learning expectations set forth by the Common Core and NGSS
standards are not just content related, but also focused on literacy skills. Specifically,
they are based on the premise that “…science cannot advance if scientists are unable to
communicate their findings clearly and persuasively or learn about the findings of others”
(Bybee, 2011). Scientific reasoning and argument are essential for clarifying and
communicating strengths and weaknesses, and require analytical literacy strategies.
Students, therefore, must (a) be able to formulate explanations based on evidence, (b)
examine their understanding in light of the evidence and comments by others, and (c)
collaborate with peers while searching for the best explanation for the outcome of an
investigation. Moreover, students must use careful analysis to draw conclusions and
determine the best solution to a problem (which may lead to revision of the original
design and a better solution) (Bybee, 2011, p. 20). The discourse that occurs as part of
this type of reasoning helps students derive the best solution to a problem by using
thought processes similar to those of an engineer.
Overall, the new expectations described above are not simply recall of content,
but they require emphasis of deep thinking, speaking, writing, and listening skills. These
skills are often referred to as literacy skills, and are assessed on the ACT assessment.
These new skills that are measured on the current ACT + Writing assessment (and other
proposed assessments) are based on the fact that 40 percent of high school graduates lack
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the literacy skills employers need (Graham & Hebert, 2010). It has also been reported
that one third of high school graduates are not prepared for college-level English, which
includes the ability to write argumentative papers across the curriculum (Elliot, 2013).
Moreover, it has been reported that 1 out of 5 college freshman must take a remedial
reading course because they lack the ability to use close reading strategies (Pew, 2013),
and according to The Nation’s Report (2012), only 24 percent of 8th and 12th grade
students performed at the proficient level on NAEP in writing in 2011. These numbers
show a significant deficit in students’ ability to perform cross cutting literacy skills.
Thus, emphasis on both curriculum and assessment at the state level has been legislated
to help local schools prepare students for their future endeavors.
The ACT + Writing assessment (ACT, 2014) was designed to include several sets
of scientific information, each followed by a number of multiple choice test questions.
The scientific information is presented in one of three different formats:
1. Data representation (graphs, tables, and other schematic forms);
2. Research summaries (descriptions of one or more related experiments); or
3. Conflicting viewpoints (expressions of several related hypotheses or views that
are inconsistent with on another).
The questions require students to:
1. Recognize and understand the basic features and concepts related from the
provided information;
2. Examine critically the relationship between the information provided and the
conclusions drawn or hypotheses developed; and
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3. Generalize from given information and draw conclusions, gain new information,
or make predictions.
Finally, new state assessments, including the ACT and other future performance
assessments, are closely aligned to Common Core and NGSS standards as well.
According to QuotEd (2014), “The ACT science section measures the skills required in
the natural sciences: interpretation, analysis, evaluation, reasoning, and problem
solving.” Knowing the ACT test design, many local high school science teachers have
included several ACT-like test items on unit assessments; however, there is usually no
direct instruction given to students on how to analyze and interpret multiple sets of data,
nor is feedback given to help students understand how to make changes in how they
learn.
In a practical sense, the science portion of the ACT is as much of a reading test as
it is a science test, as it measures a student’s ability to read and to comprehend select
scientific passages and data sets either in tables or graphic forms. This implies that
students need highly developed literacy skills in order to pass the test. Moreover, the
ACT science test is designed to distract students with data that is not relevant to the
question; thus students must be able to quickly decipher what is significant and what is
not significant based on multiple data sets, all while using graph-reading skills along with
solid comprehension skills based on a foundation of good scientific vocabulary (QuotEd,
2014).
Teachers consider future performance assessments based on student sample
exemplar models. The parts of exemplar models include a writing prompt, student
scientific knowledge text to build background understanding, a rubric, and an explanation
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about the type of writing to be submitted by the student. The writing is defined as having
a claim with a citation from the text, evidence with a citation from the data, reasoning
with a citation from the text, and personal connections (Smarter Balanced Assessment
Consortium, 2013). These exemplars help teachers frame their own writing prompts to
include close reading and argumentative writing skills based on analytical literacy.
Differences Between Philosophy and Practice
The second factor contributing to the need for this study is the stark difference
between the philosophy that literacy skills inclusive of reading, writing, speaking,
listening, and viewing should be embedded into all science courses, and actual practice in
the science classroom. Science teachers know the student proficiencies that link the
content and the practice of science are:
1. Know, use, and interpret scientific explanation of the natural world;
2. Generate and evaluate scientific evidence and explanations;
3. Understand the nature and development of scientific knowledge; and
4. Participate productively in scientific practices and discourse (Bybee, 2011, p.
214).
However, current practice in the classroom typically provides (a) minimum writing
opportunities; (b) limited opportunities to think analytically about multiple sets of data;
and (c) limited opportunities to think, write, and speak argumentatively given a real
world scenario. In addition, common practices do not typically include direct instruction
or scaffolded lessons on how to demonstrate these skills. Again, these skills are literacy
skills, which can be defined as reading, writing, speaking, listening, and viewing.
Therefore, it is important to work on these skills in the context of science because the
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expectation is that these skills help the students demonstrate their understanding of the
science concept. Fisher and Frey (2004) argued that if one wants students to demonstrate
what they know and are able to do, it is absolutely prudent that the skills are worked on
within the core content of science (p. 3). The term worked on implies providing
opportunities for students to learn about the skills, and not just expect students to know
how to use the skills. For most science teachers, students are expected to know how to
explain their thinking with out being taught outside of English class. This current
expectation is common practice. However, research reported by Pressley, Mohan,
Raphael, and Fingeret (2007) suggests, “…teachers, especially those effective in
promoting reading and writing, tend to do the following:
1. Devote much of their class time to academic activity, engaging students to think
as they read, write, and discuss;
2. Explicit teaching and modeling;
3. Scaffolding;
4. Connect content learning to writing;
5. Encourage students to write longer and more complex works; and
6. Communicate and hold high expectations to self regulate (Hattie, 2009).
These practices can be used in a secondary setting by making them both philosophy and
practice. Generally, in the science classroom, science teachers say that analytic literacy
and language literacy should be handled in their class, and yet it is heard in conversations
that they do not have the time to teach the skills. As we know from research, the greater
the connection between content and skill, the more engaged students are in the learning
process. If an English teacher taught science text literacy and argumentative writing in
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an English language arts curriculum, it would be contrived, artificial, and detached from
the conceptual understanding, therefore, minimizing the impact on the learning (Fisher &
Frey, 2004, p. 2).
Other research has also shown the importance of connecting philosophy to
practice in the classroom (Knight, Alves, Cannady, McNeill, & Pearson, 2014). Knight
and colleagues (2014) described a study conducted by Reeves (2011) on 90/90/90 schools
(i.e., 90% free/reduced lunch, 90% of students are ethnic minorities, and 90% at or above
mastery level on standardized achievement tests), which showed that the reason for
success in the 90/90/90 schools they studied was teachers stuck to a very simple,
measured, and focused plan, and took philosophy and made it practice. They did not
jump from one fad to another; rather, they worked the plan and were consistent (Knight
& McNeill, 2012). These findings are consistent with Rivard and Straw (2000), who
found that participation in science writing enhances retention of science knowledge, as
well as evidence put forth by Hand, Hohenshell, and Prainwith (2004), who added that
higher quantities of writing result in higher levels of conceptual learning overall (Knight
et al., 2014). In essence, this research shows practice of the skill does cause achievement
to increase. Therefore, one can infer that the philosophy of teaching the analytical
thinking, speaking, writing, in an argumentative approach in science classrooms must
indeed become practice.
Weak Instructional Planning and Practice
Weak instructional planning and practice is yet another factor that contributes to
the problem in this study. Observations of the eight science classrooms at the midwestern high school in this study most often revealed traditional classroom practices; that
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is, often the methodology modeled had the teacher being the transmitter of new
knowledge, which in turn keeps the student in an inactive role. The classroom
environment was not skill-based, nor was it based on questions led by the students.
Rather, observed was memorization of content, assessed most often in a summative way,
with little to no feedback. Again, these characteristics would be defined as a traditional
classroom, not conducive to deep scientific analysis (Bybee, 2011). To change
instructional practice, the classroom environment must be transformed. Bybee (2011)
argued that for science understanding to increase, students must become active in the
learning process, which requires instructional plans that are responsive to the learning
needs of the students. Students must be given time to co-participate, collaborate, be
guided by the teacher, and have discovery experiences clarified by the teacher (Bybee,
2011).
A learning environment that allows for evidence-based practice must include
opportunities for students to raise questions, foster respect between and for all learners,
and to take risks. The learning environment must also be centered on rich sensory
activities focused on the core idea or skill to be learned. Expectations of skill mastery
must follow opportunities for students that allow (a) interaction with others in the process
of learning, (b) shared control, and (c) opportunities to socially negotiate meaning
(Bybee, 2011). For learners in a transformational classroom, an instructional path must
be based on the ability to construct and apply new knowledge with a focus on conceptual
understanding and logical process skills. Connections about new knowledge and
personal knowledge must be forged together through student self-reflection. Instructional
leaders in the transformational classroom must intertwine cross cutting concepts, a set of
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core ideas, and scientific and engineering practices (Bybee, 2011). Hence, instructional
practices must shift from “just expect it,” which is traditional in approach, to a
transformational instructional model that is based on intentional evidence-based
instruction, centered on questions that engage students in analytical literacy skills,
resulting in feedback that can transform the learning environment.
Limited Use of Formative Data
The fourth contributing factor in this study is the limited use of formative data to
develop instructional practices for literacy and data analysis skills in the classroom.
Current practice is typically limited to use of data to determine grades. When asked, 7 of
8 science teachers in the mid-western high school in this study responded that they did
not use formative data to change their instructional practices concerning literacy
strategies. This practice minimizes the impact of learning. To maximize the impact of
learning, Hattie (2012), quoting Reeves (2011), argued, “the essence of data-driven
decision making is not about perfection or to find the decision that is popular, it’s about
finding the decision that is more likely to improve student achievement, produce the best
results for the most students, and promote the long-term goals of equity and excellence
(p. 68). Furthermore, others have argued that assessment should identify and diagnose a
specific problem or provide information so that a teacher can adjust a lesson to meet
students’ future needs (The National Writing Project & Nagin, 2003). It is important to
plan backwards; that is, to define through formative assessment the skills and knowledge
that students need to demonstrate, and then teach lessons to help the students learn
(Urquhart & McIver, 2005).
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Just as students are asked to make connections to the learning, teachers must use
practices that make connections from the planned instruction to the outcome of the
instruction to ensure learning is maximized. Hattie (2009) stated that teachers must be
evidence-based, and that teachers should not just try the latest trend. Yet, too often that is
exactly what teachers do. Instructional planning and practice that is based on evidence
and formative data yields greater gains in student achievement. Hence, data based
decision-making by the teacher around evidence-based literacy skills as defined above
must be put into practice to maximize student learning of science concepts.
Lack of Time Devoted to Student Reflection and Metacognition
The fifth contributing factor in this study is the lack of time permitted to students
in the classroom for reflection and metacognition about scientific concepts, as well as
limited time to demonstrate their understanding to real world problems through the use of
argumentative writing. After a conversation with the high school science teachers at the
school in this study, the message they conveyed is that the time it takes for student
reflection competes with time needed to teach content. For these teachers, content takes
precedents over student self-reflection. Yet, this practice prevents one of the greatest
stakeholders, the learner, from thinking about the gaps in their learning, and prevents
them from setting goals around literacy strategies. Marzano (2007) suggested that
students should chart their own progress. Other self-reflection practices include various
ongoing scaffolded lessons to reflect on personal strengths and weakness. Feedback can
come from the student, peers, the teacher, or a combination, so that a clear understanding
of what the student knows and is able to do can be reflected upon. Once the student
realizes the gap in the learning the students can set clear goals. As Hattie (2014) stated:
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We are motivated by perceivable and closable knowledge gaps but turned
off by knowledge chasms. The feedback you (teacher) offer your
student’s provides the tools they need to be able to perceive the immediate
path ahead, and so decide that it is really worth the effort. Since effort is a
limited commodity, it cannot be squandered on things doomed to fail or
chasms too wide to bridge.
So, engaging the learner in identifying the gap helps them to see what they can do
next to improve. The attainable goals can direct the instructional plan; thus personal
growth can occur. Once the gap begins to close, a time to celebrate growth should be
included in the learning environment (Marzano, 2007). Success breeds success, and if
the learner sees the growth first hand through monitoring their own growth, achievement
in the area of literacy will increase.
Lack of Professional Development
The final contributing factor in this study is the lack of professional development
concerning how to integrate literacy skills, specifically argumentative writing, in the
context of curriculum and how to plan for the shift in the curriculum. Of the eight
teachers on staff at the school in this study, eight did not know how to teach
argumentative writing in the context of real world science scenarios. Also, eight of the
teachers felt a need for professional development before they would consider
implementation. One hundred percent of the teachers felt the need for cross cutting
literacy in science, but they were not willing to make the change until they had further
understanding on how to do it. Also, 100% of the teachers stated that they do not
understand how to personally write in an argumentative way; therefore, it was critical that
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they experience learning the skills before they would try to implement the writing
strategies in the curriculum.
Teachers’ ability to demonstrate proficiency in how to teach literacy skills are
lagging, indicating a need for professional development. This need has been further
heightened as legislative changes in student assessment came with little response time for
implementation of the skills assessed. Legislative change is meant to bring about change
in the classroom, because statistically, the current practice is not meeting the expectations
for achievement. However as Cuban (1984, p. 234), as quoted in Hattie (2009), stated:
It is nigh on impossible to legislate changes to conceptions of teaching and
learning – and this is where professional development becomes critical.
So often the policy changes have little or no effect. The effect of a storm
on the ocean is that the surface is agitated and turbulent, while the ocean
floor is calm and serene (if a bit murky). Policy churns dramatically
creating the appearance of major changes…while deep below the surface,
life goes on largely uninterrupted. (p. 256)
Thus, professional development is a critical need to take the legislative change of cross
cutting analytical literacy skills, and to make it practice in the science classroom.
Moreover, developing teachers’ competencies and confidence will help to make the
policy changes more effective.
Reflection on the Problem and Contributing Factors
The review of the contributing factors above affirms the decision to assess the
design and implementation of the scientific literacy initiative taken at the mid-western
high school in this study. Students show weakness in the area of how to analyze multiple
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data sets, as well as in to how to express critical thinking through persuasive
argumentative writing based on real world scenarios. In part, this weakness can be
attributed to the high school science teachers’ lack of student skill development. This
weakness is significant, given Lee’s (2004) assertion that, “…disciplinary literacy is the
civil right of the twenty-first century. Disciplinary literacy provides access to learning in
all subject matters and, by so doing, opens up an array of life opportunities for young
people” (Urquhart et al., 2005). The element of time must not infringe on this right.
According to Marzano Waters, and McNulty (2005), academic learning time has
the greatest impact on student achievement. Thus, students not only need time allocated
for thinking, reading, writing, discussing, and listening, but for the greatest benefit, they
must also be allowed time to actively participate in the process (Marzano et al., 2005).
This supports Dempster’s assertion (as cited in Stein & Dixon, 2001) that using new
knowledge and skills together helps students achieve a more thorough understanding of
what they have learned, and the ability to apply knowledge in new settings or real world
problems. One must consider the unintended consequences to student learning if
classroom time is not used for writing. This literacy program was developed in
consideration of these thoughts. For, as Urquhart et al. (2005) noted, “By denying
students the time they need to engage in processes considered important, we implicitly
contradict our own beliefs about learning,” and no overall improvement in achievement,
thinking, understanding, or demonstration of skills will increase; therefore, the problem
will continue to exist.
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PART II
THE DESIGN PHASE: SEARCHING FOR AND DESIGNING A COMPREHENSIVE
STRATEGIC RESPONSE INITIATIVE
Based on prior research and the contributing factors described above, there were
multiple reasons to implement the scientific literacy initiate in 9th grade science at the
mid-western high school in this study. Ninth grade science includes a representation of
all subgroups at the high school. The freshman class averages around approximately 260
students per year. Not all students take 9th grade science, as approximately 30 students
are promoted to biology based on exemplary performance on the ACT-Explore and
MEAP science assessments, completion of 8th grade geometry, and teacher
recommendation. This subgroup of advanced students does not take 9th grade science
because they already show proficiency in analytical thinking skills.
Two other subgroups to consider in each freshman class are male and female,
free/reduced lunch and not free/reduced lunch. It is important to note that on average,
there are 50 new students to the school who enroll in 9th grade science. These students
transfer from charter schools, parochial schools, or private schools. The performance of
these students on the ACT-Explore and MEAP assessments is at or below the
performance of the other freshman students. Therefore, they experience the initiative
because they lack proficiency in analytical literacy skills and argumentative writing skills
as well.
Ninth grade science includes Michigan Merit Curriculum (MMC) standards for
both chemistry and physics. Chemistry and psychics may be taken in the junior year of
high school. As sophomores, students enroll in biology, which is a content specific
course that is only similar to chemistry and physics in terms of its skill development. In
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terms of teaching cross cutting analytical literacy skills, it is easiest to teach the skills at
the first grade(confusing, should it be class instead of grade?) in high school science so
that in subsequent years students can apply the skills with less direct instruction.
Analytical literacy skill development and argumentative writing skill development is time
intensive. Specific MMC expectations, therefore, are set aside in 9th grade science for
the literacy program because they can be taught in other advanced courses.
Another benefit to implementing the initiative at this level is there are at most
only three science teachers in 9th grade: one general education teacher, one special
education teacher, and one English language learner (ELL). Moreover, while beyond the
design of this study, the initiative requires multiple years for complete implementation of
the action plan, and multiple years to study its effects. If the initiative is successful, then
the practices and skills will be transferred to higher levels of science, and student
proficiency in analytical literacy and argumentative writing skills will increase the overall
student performance on state and advanced placement assessments.
Action Plan: Goals, Strategies, Progress Monitoring, and Activities
The catalyst for the initiative began April 2012, when a team of 9th through 12th
grade science teachers attended a professional development session conducted by the
intermediate school district. The focus of the professional development was cross cutting
literacy skills from the Common Core State Standards (CCSS). Activities on that day
included unpacking the cross cutting standards in the CCSS and gaining understanding of
argumentative writing based on real world, multi-data set problems. The experience of
unpacking the CCSS standards and writing in an argumentative way unveiled the
contributing factors to the problem in this study.
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After the day of professional development, the mid-western high school’s science
teachers and building principal established the following goals in response to the problem
and contributing factors outlined in Part I. The overarching goal was: All students will
become proficient in science. The remaining goals were:
1. Initiative Goal One: All students in 9th grade science will become proficient in
analytical thinking and writing; using claim, evidence, reasoning, and counter
argument as the framework for the analytical thinking.
a. Strategy: All staff will implement differentiated instruction through a
research based instructional model.
i. Measureable objective: 55% of all 2012-2013 Ninth grade students
will demonstrate a proficiency in science as measured on the ACTMME and MEAP by 2016.
1. Progress monitoring will include pre, mid, and post term
argumentative writing assessments based on real world,
data and text rich problems in 9th grade science classes.
Also, a review of ACT-Explore test data obtained from 9th
grade, and ACT-PLAN test data obtained from 10th grade,
will be used to progress monitor student performance.
a. Activities to be conducted by science teachers while
monitoring progress include:
i. Evaluate student learning;
ii. Identify lowest performing skill areas;
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iii. Determine what is needed to help increase
student learning in the lowest performing
skill area;
iv. Identify where skills are taught in their
grade level curriculum and where additional
time can be used to develop the skills; and
v. Identify additional direct instruction that is
needed to ensure that the students at their
grade level have mastered these skills.
2. Initiative Goal Two: All 9th grade science staff inclusive of special education
teacher and ELL teacher will implement direct instruction for argumentative
writing based on an agreed upon Gradual Release Instructional Model and
instructional alignment.
a. Strategy: All 9th grade staff will provide feedback based on student
performance related to argumentative thinking, specifically writing and
speaking.
i. Measureable objective: 100% of all science teachers will use the
Gradual Release Instructional Model through integrated curriculum
when teaching students crosscutting literacy skills inclusive of
argumentative writing.
1. Progress monitoring will include review of instructional
plans during meetings and daily conversations based on
feedback of student learning

36
a. Activities to be conducted by science teachers while
progress monitoring includes the use of Gradual
Release Model include:
i. Teach;
ii. Model and guide;
iii. Monitor student learning and provide
additional direct instruction as needed; and
iv. Give students time to independently use
skills
b. Activity: Instructional alignment work will occur
through collaboration among teachers to ensure
alignment to new CCSS standards is cohesive and
through developing evidence based best practice
learning strategies within their instruction.
c. Activity: Professional development will occur for
science teachers, special education teachers, ELL
teachers and building administrators, to learn
evidence based best practice strategies to improve
writing instruction, including implementing
professional learning communities (PLC) to
develop staff capacity in providing effective
research based instruction through collaborative
data driven conversations.
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Implementation Procedures April 2012 -2013
Teachers participated in additional unpacking and understanding of the cross
cutting literacy skills as defined in the CCSS (Appendix A) and proposed NGSS. These
activities took place during professional development facilitated by the intermediate
school district and the VanAndel Institute. Below is a description of the specific
unpacking activities.


Unpacking Activity One: Introduction to Scientific and Engineering Practices
(Appendix A)



Unpacking Activity Two: Standard Comparison Activity MMC and draft NGSS
(Appendix A)



Unpacking Activity Three: Standard Review Protocol (Appendix A)



Unpacking Activity Four: College and Career Ready Skills (Appendix A)



Unpacking Activity Five: Thinking and Acting Like Scientists:
Students/Teachers/Community (Appendix A)
After the professional development 9th grade science teachers agreed on the use

of the Gradual Release Instructional Model to teach argumentative writing, and to use
evidence based literacy strategies throughout the year. This required ongoing
conversation about how and when to use direct instruction, guided instruction,
collaborative instructions, and independent work as described in Appendix B.
After the professional development, 9th grade science teachers also agreed to the
common definition of the Gradual Release Model based on conversations around the
following three quotes. The first quote from Duke and Pearson (2002) states, “The
gradual release of responsibility model of instruction requires that the teacher shift [from
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assuming] all the responsibility for performing a task…to a situation in which the
students assume all of the responsibility” (Fisher, 2008). The second quote, offered by
Fisher (2008), states, “Importantly, the gradual release of responsibility model is not
linear. Students move back and forth between each of the components as they master
skills, strategies, and standards.” Finally, the third quote, offered by Amend (2013),
states, “Scaffolding is not simply a case of breaking learning segments into scope and
sequence. Instead, it is a complex interactive process whereby the teacher regulates
levels of support according to how well the children understand the task at hand.”
Prior to the program’s implementation, teachers engaged in thinking about why to
include argumentative writing in the science curriculum (Appendix A). Teachers then
explored common definitions for argumentative writing, including use of the terms,
claim, evidence, reasoning, counter argument, and conventions (Appendix C).
Next, teachers created common writing prompts about real world problems in the
STEM disciplines. These prompts included data, anchor text about the problem, and
connections to the content standards for the unit. The process for developing the writing
prompts is found in Appendix D.
Following the creation of the writing prompts the teachers collaboratively
reviewed several argumentative writing rubrics such as those from Boston Public Schools
and Macomb ISD, as well as other rubrics available on the Internet. After the review, the
teachers adopted the Boston Public Schools rubric for the first year without modification
(Appendix E); however, the teachers also reviewed potential state assessment samples
and the rubrics for Smarter Balanced Assessment Consortium Grade 11 Performance
Task to inform the decisions about the complexity of the writing tasks (Appendix E).
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During implementation of the program, teachers were transparent about the
instructional model; that is, students were specifically taught the instructional model so
that they could understand the process of learning. Students were also given the diagram
shown in Figure 8 to further aid in feedback and instruction. The diagram showed
students that the skills were not expected be mastered quickly. This reduced learning
anxiety for some students. Moreover, the special education teacher and the ELL teacher
agreed to use of the Gradual Release Instructional Model, and to provide ongoing input
as to what was working, and what was not working.

Figure 8. Gradual release instructional model (Fischer, 2008).
Beyond use of the Gradual Release Instructional Model, teachers agreed to
ongoing conversation about on student proficiency with analytical literacy skills.
Conversations occurred daily before school, at lunch, after school, or via email. Also,
PLC meetings occurred every other week. During these meetings, further professional
dialogue occurred about the literacy skills. Based on current student proficiency,
modification and differentiated instruction were made in lessons to meet the needs of
students (Appendix F). The teachers also shared with other science department members
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some of the background around argumentative writing during three PLC meetings. Other
high school science teachers developed similar writing prompts to be used in advanced
courses. Some science teachers continued to express the need for further conversations
and other examples of how to teach the cross cutting literacy strategies.
Throughout implementation of the program, teachers engaged in continuous
review of evidence-based literacy skills to increase reading comprehension and analytical
writing. They also engaged in discussion around how to use multiple data sets when
students were not developing understanding. Furthermore, the science teachers decided
if content in 9th grade science had to be set aside for more skill development. The
decision process included conversations with the physics and chemistry teachers. All of
the teachers analyzed student performance and determined exactly what they felt students
needed to know and be able to do once they entered the junior level science course. The
idea of content dump was based on the following quote from Langer and Applebee as
cited in Urquhart et al. (2005):
…analytic writing helps students focus their learning by concentrating on
less information. At the same time, this narrowed attention enables
students to understand and remember content at a deeper level, resulting in
greater access to knowledge for longer periods of time.
Throughout implementation of the program, teachers also discussed how to
provide meaningful feedback (Appendix G). Various strategies were tried as students
were learning to write in science. In the beginning, feedback was given through
modeling teacher thinking, modeling sample writings from select students, and whole
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class and small group peer evaluation. The discussion about meaningful feedback was
founded on the quote from the book Teaching Writing in the Content Areas:
Remember, students copy what they see you do. If you focus on surface
level changes such as adding a word here or there or making spelling
corrections that is what your students will do in their own writing. Worse,
that is what they will suggest to their peers when conferring with them.
On the other hand, when your wiring conferences are filled with rich,
contextual comments, your students will imitate this approach with their
peers. They will refer to exemplary examples, because that is what you
do. (Urquhart et al., 2005, p. 62.)
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PART III
IMPLEMENTATION AND MONITORING PHASE: IMPLEMENTING AND
ADAPTING THE ACTION PLAN AS NEEDED FOR HIGH FIDELITY
AND SUSTAINABILITY
Implementation Procedures: School Year 2013-2014
During the 2013-2014 school year, teachers engaged in further unpacking of the
cross cutting literacy skills as defined in the CCSS and the proposed NGSS. Adoption of
the NGSS was on hold; however, the CCSS cross cutting literacy skills were still
necessary, and the science teachers agreed to continue the work with students because of
the evidence on local assessments, mid term assessments, Explore, Plan, and WorkKeys.
During this time, the 9th grade science teachers continued use of the Gradual
Release Instructional Model to teach argumentative writing and evidence-based literacy
strategies. This required ongoing conversation about how and when to use direct
instruction, guided instruction, collaborative instruction, and independent work. Some of
the driving quotes that supported the conversations around the instructional model are
found in Appendix B.
The special education teacher and ELL teacher continued to use the Gradual
Release Instructional Model, and provided ongoing input as to what was working and
what was not working within the subgroups in the initiative. Modifications and
accommodations are created to meet all students’ needs and abilities.
The 9th grade science teachers continued the conversation on student proficiency
with analytical and argumentative writing skills. Conversations occurred daily either
before school, at lunch, after school, or via email. Also, PLC meetings occurred every
week. During most of these meetings, professional dialogue occurred about the literacy

43
skills. Lessons were modified based on student proficiency, and differentiated to meet
the needs of students.
Teachers participated in the continuous review of evidence-based literacy skills to
be utilized when reading comprehension, analytical writing, and discussion around
multiple data sets required additional practice. Examples can be found in Appendix F.
Moreover, teachers created new common writing prompts, and revised previous writing
prompts about real world problems in STEM disciplines. These prompts included data,
anchor text about the problem, and connections to the content standards for the unit.
Sample writing prompts are included in Appendix H. The process outlined in Appendix
D was used to create new writing prompts or real world problems. A quote that helped
drive the writing prompts came from the Michigan Department of Education:
The Department of Education has been looking at the “intentional
instructional practices” and how they relate to the science community.
This includes looking at the cross over of standards, culture, and
instruction. Where these intersect, we envision a classroom where
students are engaged in rigorous tasks that are seamlessly linked with the
standards and are culturally relevant. (Schrauben, 2014)
At the beginning of the 2013-2014 school year, the teachers spent time revising
the Boston Argumentative writing rubric based on Macomb ISD, the high school’s
English Language Arts rubric, and other rubrics available on the Internet (Appendix C).
The rubric vocabulary was modified throughout the year to reflect clearer feedback to
students. The modifications were based on consistent student errors. The levels of
performance on the rubric remain the same (Appendix C).
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Teachers continued to search for and review potential state assessment samples
and rubrics for evidence on how to develop clearer problems and writing prompts for
students in high school science. Teachers shared samples throughout the year. The
teachers also modified the analytical thinking and argumentative writing unit used at the
beginning of the year. Modifications were based on research about claim, evidence,
reason, and counter argument, literacy strategies and performance-based assessments.
The teachers were flexible with the time line of the unit because the goal was to provide
students adequate opportunities to increase proficiency of analytical thinking and
writing. Samples of the unit can be found in Appendix H.
During PLC meetings, appropriate feedback to and from students became a
conversation point. The definition of feedback and implementation of appropriate
feedback and reflection by students around analytical writing and thinking was agreed
upon. Several quotes used to drive the conversation around feedback included, “The
purpose of feedback is to reduce the gap between current and desired states of knowing”
(Hattie & Yates, 2014, p. 67); “Feedback is powerful if students know: (a) what success
looks like, (b) appreciate it is aimed at reducing the gap between where they are and
where they need to be, and (c) when it is focused on providing them information about
where to next” (Hattie & Yates, 2014, p. 67); and, “Criterion-referenced
feedback…providing students with feedback in terms of specific levels of knowledge
and skill is better than simply providing students with a percentage score” (Hattie &
Yates, 2014, p. 67). Thus, allowing students to understand the rubric used for scoring
helps students to understand the feedback (Dean, Stone, Hubbell, & Pitler, 2012). Other
quotes that helped drive the conversation about feedback are found in Appendix G.

45
In addition to a rubric, the teachers also created a writing log for students to
document their own performance on the argumentative writing. This writing log was
designed to teach students how to reflect about their strengths and weaknesses in the
subcategories of claim, evidence, reasoning, counter argument, and conventions
(Appendix G). The students themselves wrote personal SMART goals, and selected
specific scaffolded lessons to help them close the gap in the learning. This strategy was
designed to increase student efficacy and perseverance (Appendix G).
In terms of measuring outcomes, the teachers created three argumentative
writing assessments to determine skills gained. The pre-assessment was administered at
the beginning of the school year in week one. A mid-term assessment was administered
at the end of first semester. Finally, a post-assessment was administered at the end of
second semester. Teachers tracked the average number of words on the pre- and midterm assessments, as well as their average on claim, evidence, reasoning, counter
argument, and conventions (Appendix I).
Finally, as part of the initiative, teachers collected exemplars for 2014 and
beyond. They also attended the Visible Thinking professional development in Troy,
Michigan and conducted a book study around Visible Learning. The science teachers
then decided if content needed to be set aside for more skill development. This process
was based on conversations with the physics and chemistry teachers. All of the teachers
analyzed student performance and determined exactly what students needed to know and
be able to do once they entered the junior level science course. Based on data, it became
evident that a unit that was taught in 2010 had been dropped. Student performance on
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the MME in strand Energy Part Two dropped as well. Therefore, the unit was taught to
see if that would make a difference in two years.
Budget Considerations
Budget considerations were primarily for professional development and the cost
of paying for substitutes if and when science teachers needed to be out for professional
development. Table 7 illustrates the activity, the rationale for the total cost, and the total
cost for each activity. The final cost was $9,000.00 for two years. This expense was paid
from Title Two funds as the initiative aligns with high school and school district school
improvement goals.
Table 7
Cost of Scientific Analytical Literacy Initiative 2012-2014
Activity

Projected Funding Rationale

Total Cost

Instructional Alignment

Completed during professional development
days, PLCs, planning periods,
before/lunch/after school

$0

Professional Development: Gradual
Release, KST, Visible Thinking and Visible
Learning

10 teachers X 5 days/year * 2 years * sub
cost $88.86

$9,000.00

Technology Development

Completed during professional development
days, PLCs, planning periods,
before/lunch/after school

$0

Data Analysis

Data was provided to the department for
analysis. Completed during professional
development days, PLCs, planning periods,
before/lunch/after school

$0

Total Cost of Initiative

$9,000.00

47
PART IV
RESULTS PHASE: ANALYZING AND INTERPRETING RESULTS
Problem and Research Question
The science department at the mid-western high school identified that students
were not proficient in the unique analytical skills required to interpret multiple data sets,
to think, read, speak, listen, and to write argumentatively with claims, clear reasons, and
relevant evidence. This raised the question, Would implementing evidence-based cross
cutting literacy and scientific argumentative writing strategies throughout the 9th grade
science course significantly increase students’ argumentative writing proficiency by the
end of the academic school year? In response to this question, the following study was
designed to determine the effects of the implemented action plan on student proficiency.
Study Design
This study utilized a quasi-experimental design, as there was no true control
group. Since all of the students in 9th grade science lacked proficiency in analytical
thinking and writing with a claim, clear reasons, and relevant evidence, a measurement of
the proficiencies through argumentative writing was measured. The participants for this
portion of the results consisted of five Science 9 classes taught by the same teacher. The
total number of students involved in the study was (N = 114) for the pre-assessment and
(N = 100) for the post-assessment. Students who did not take the pre-assessment due to
absence, were not enrolled in the high school at the time of the pre-assessment, did not
take the post assessment due to absence, dropped from the high school, or simply not
submitting the writing were eliminated from the study because they could not show a
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change with one or more of the assessments missing. Therefore, the summary data only
reflects a pre- and post-assessment of (N = 98).
Participants
All of the students in first, second, third, fifth, and sixth period 9th grade science
received the treatment for this study. None of the participants were aware they were
involved in the study, which improved external validity (Dimitrov & Rumrill, 2003). To
equalize groups on existing characteristics thereby isolating the effects of the
intervention, the whole group of students in the study was ordered alphabetically. The
purpose of this sort was to eliminate the affects of student enrollment by hour. Advanced
math students were in periods one and six, whereas 95% of special education and ELL
students were enrolled in periods two and three. By sorting the students with the method
described above the affect of math, special education, or ELL was minimized.
Instrumentation and Results
The assessment tools included two different writing prompts with different
complexities. The pre-assessment was less complex than the post-assessment based on
the amount of evidence provided to students for analysis.
Pre-Assessment
The pre-assessment was given to students in 9th grade science in the first full
week of school, September 2013. The content related to this writing prompt was taught
in both 7th and 8th grade; therefore, no review of the content was given prior to the preassessment. The prompt was, “Write a scientific explanation that states whether any of
the liquids are the same substance. The writing should be at least a paragraph in length.”
Students were given only one set of multi-column data as evidence to answer the
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question. The writing prompt and student examples are in Appendix I. Students were
given as much class-time as they needed to answer the question and encouraged to put
forth their best effort. Students were also given the following rationale for demonstrating
their best effort: “If you can prove that you can analyze data and write in an
argumentative way, we will modify the instruction of the course so that we can focus on
other skills. If you prove that you are not proficient with these skills, we will help you
develop the skills throughout the course.”
Most student answers to the prompt were only one to two sentences in length.
The average number of words was approximately 21, and the writing was completed, on
average, in less than 10 minutes. In general, the answers rarely explained whether any of
the liquids were the same substance. If the students would have explained if any of the
liquids were the same substance, they would have demonstrated reasoning; however, this
was lacking in most writing samples. Most students listed two substances. Some used
one number as evidence from the data table. Rarely were the answers correct.
Below in the Table 8, the subcategory scores (out of 4 possible points) show the
average use of claim was 0.7, evidence 0.6, and reasoning came in less than both
categories at 0.3. Conventions were low at 0.4, because the students made no transitions
and the complexity of the writing was below acceptable levels. Many students did not
use punctuation or capitalization.
When examining the pre-assessment statistics found in Table 9, it was determined
that the average score was 2.1 out of maximum of 16 points. The score range from a low
of 0.0 points to the high of 10.0 points. The most frequently scored mark is 1.
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The results proved that analytical thinking and argumentative writing skills were
below proficient in all categories. This supports the notion that the problem exists and
intervention through the initiative was necessary.
Table 8
Subcategory Argumentative Writing “States of Matter” Pre-Assessment Scores
Claim

Evidence

Reason

Conventions

Average Overall

0.7

0.6

0.3

0.4

2.1

Note. Possible scores on Claim, Evidence, Reason, and Conventions range from 0 to 4. Possible overall
score ranges from 0 to 16.

Table 9
Argumentative Writing “States of Matter” Pre-Assessment Statistics
Statistic

Score

Max points

16.0

Highest grade

10.0

Lowest grade

0.0

Mean

2.1

Standard deviation

1.7

Mode

1.0

Note. N = 98.

Post-Assessment
The post-assessment was given to 9th grade science students during the last full
week of school in May 2014. Most of the content related to this assessment’s writing
prompt, “What affects the speed of a wave?” was taught in the previous semester; the
content related to waves was taught three weeks prior to the post-assessment. On the
post-assessment, students were given a much more complex set of evidence, which
included three sets of multi-column data to analyze. The writing prompt and data with
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student writing samples can be found in Appendix I. Students were given sufficient time
to complete the writing assignment; 45 minutes were given in class and if needed
students could finish the writing outside of school. The assignment was given on Friday
and was due on Monday if additional time was necessary. Students were encouraged to
put forth their best effort and given the following rationale for demonstrating their best
effort: “This writing is evidence to prove that you can analyze data and write in an
argumentative way, as we have been working on these skills for a full year.”
Most student answers to the writing prompt were at least two paragraphs long. At
least 35 students of the 98 wrote multiple pages of argumentative writing to address the
complex problem presented to them. The average number of words was approximately
1,200. In general, most students made sure they had a claim, used the evidence provided,
and used reasons associated with both the current learning and learning from the
semester. Most of the writing demonstrated that students could answer the question
correctly. This question was chosen because it was complex, data rich, required much
reasoning, and was not something directly taught to students.
In Table 10, the subcategory scores (out of 4 possible points) on the postassessment shows the average use of a claim was 3.1, evidence 2.8, reasoning 3.0, and
conventions 3.1. Students made solid transitions while explaining the scientific concepts
and the complexity of the writing was at or above acceptable levels. Many students did
use correct punctuation and capitalization, which showed great improvement from the
pre-assessment. When examining the class statistics found in Table 11, it was
determined that the average score was 12 out of maximum of 16 points ranging from a
low of 3.0 points to 16 points. The most frequently scored mark was 16.
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Table 10
Subcategory Argumentative Writing “Wave Speed” Post-Assessment
Claim

Evidence

Reason

Conventions

Average Overall

3.1

2.8

3.0

3.1

12.0

Note. Possible scores on Claim, Evidence, Reason, and Conventions range from 0 to 4. Possible overall
score ranges from 0 to 16.

Table 11
Argumentative Writing “Wave Speed” Post-Assessment Statistics
Statistic

Score

Max points

16.0

Highest grade

16.0

Lowest grade

3.0

Mean

12.0

Standard deviation
Mode

3.6
16.0

Note. N = 98.

After the initiative was implemented, the results proved that analytical thinking
and argumentative writing skills were at or above proficient in all categories. This
demonstrates students’ analytical thinking and argumentative writing skills increased over
the course of the intervention.
Average Difference between the Pre- and Post-Assessments
To see the change between the pre- and post-assessments, the average difference
between the subcategories of claim, evidence, reason, and conventions was calculated. In
the following Table 12, the average difference (maximum of 4 points) between claims
was 2.4, evidence 2.2, reason 2.7, and conventions 2.7. In Table 13, the overall statistics
are represented. The mode for the average difference is 12. The difference between the
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average overall pre-assessment score of 2.1 and post-assessment score of 12 was 10. To
prove if this growth was significant, a statistical analysis was conducted.
Table 12
Average Difference between Subcategories for Argumentative Writing Pre- and PostAssessments
Claim

Evidence

Reason

Conventions

Overall Score

2.4

2.2

2.7

2.7

10.0

Note. Possible scores on Claim, Evidence, Reason, and Conventions range from 0 to 4. Possible overall
score ranges from 0 to 16.

Table 13
Average Difference Statistics for Argumentative Writing Pre- and Post-Assessments
Statistic

Post-Assessment

Pre-Assessment

Post-Pre

Highest Grade

16.0

10.0

15.3

Lowest Grade

3.0

0.0

3.0

12.0

2.1

10.0

3.6

1.7

3.2

16.0

1.0

12.0

Mean
Standard Deviation
Mode
Note. N = 98.

Statistical Analysis of Pre-Post Difference
The null hypothesis for this study is that the mean of a population of difference
scores (denoted μd ) equals 0. Because it can be shown that μd= μpost – μpre, we can
write, H0: μd = μpost – μpre = 0. The hypothesized population parameter, defined by
the null hypothesis is μd= 0, where μd is defined as the mean of the difference scores
across the two measurements. The alternative hypothesis is μpost > μpre. (Understanding
the Dependent-Samples t-Test, n.d., para. 2).
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The following statistical measures are used to prove or disprove the null
hypothesis: differences of scores, average of difference, standard deviation, standard
error of differences, paired difference t-test, degree of freedom, and confidence level.
The process used to make these calculations is found in Appendix J.
The paired-samples t-test was chosen because it assesses whether the mean of two
groups are statistically different from each other. There are two assumptions underlying
the paired-samples t-test. First, the difference in pre- and post-assessment scores is
normally distributed. Second, the independent variable is paired in a pre and post fashion
(Understanding the Dependent-Samples t-Test, n.d., para. 3).
Using an alpha level of .05, a paired-samples t-test was conducted to evaluate
whether students’ performance on the pre-test differed significantly after the initiative
was conducted. The results found in Tables 14 and 15 indicate that the students’ average
performance on the pre-test (M = 2.1, SD = 1.7) was significantly lower than their
average performance on the post assessment (M = 12.0, SD = 3.6), with N(98) = 30.9, *p
< .05, d = 3.1. Conclusively, the performance of students on the pre- and postassessments did not happen by chance.
Table 14
Paired-Samples Statistics
Assessment

N

M

SD

Std. Error Mean

Pre-Assessment

98

2.1

1.7

0.13

Post-Assessment

98

12.0

3.6

0.19
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Table 15
Paired-Samples t-Test
Paired Differences
95% Confidence Interval
of the Difference
*

M

SD

Std. Error
Mean

Lower

Upper

t Ratio

df

Sig. tValue

10.0

3.2

0.18

9.69

10.29

30.9

97

1.660

Note. 97 is the degrees of freedom associated with the t-test. df is restricted to the mean, (N - 1 = df). In
other words, df = number of pairs minus the 1 restriction. 30.9 is the obtained t statistic value. * One tail tvalue is statistically significant at the p < .05 level, the probability of obtaining the given t value by chance.

Next, the effect size was determined. Effect size is the degree that the mean of
the difference scores is equal to zero. With an effect size of 3.1, there is a significant
difference between the means of the pre- and post-assessments. To be significantly
different, d = 0.8 means there was a large effect size; therefore, 3.1 shows a very large
effect size as a result of the initiative implemented with 9th grade science students. The
implemented plan has an impact on students’ analytical thinking and scientific
argumentative writing.
Table 16 shows the correlation between the paired scores (pre and post). The
correlation between the pre- and post-assessment is 0.4, which is a moderately positive,
yet imperfect relationship. A significance value of 0.165 and an alpha of 0.05 shows
there is a statistically significant difference between the two. Since the significance value
of the correlation coefficient is above 0.05, the null hypothesis is rejected and the
alternative hypothesis is accepted. As stated, there is a statistically significant
relationship between the initiative and post-test scores. One can conclude that the
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implemented initiative that focuses on the six contributing factors does indeed make a
difference in students’ scientific argumentative writing proficiency.
Table 16
Paired-Samples Correlation between Pre- and Post-Assessment Scores
N

Correlation

Sig. Value

98

0.4

0.165*

Note. *p < .05

Conclusion
The findings of this study suggest that one may be 95% confident that the interval
9.69 to 10.29 includes the population mean difference with the intervention. Since 0.0
doesn’t appear within this interval, one would reject the null hypothesis; that is, 0.0 is an
unlikely value for the mean difference. Moreover, if the absolute value of 30.9 ≥ 1.6,
then the null hypothesis is rejected; therefore, the post-assessment is different from the
pre-assessment scores due to the initiative that focuses on cross cutting analytical
strategies at the p < 0.05 (in fact p = 0.00001). In conjunction with the correlation that
shows a statistically significant relationship between the initiative and the post-test scores
and the effect size showing a significant difference between the means of the pre- and
post-assessments, one can conclude that the initiative of instructional analytical literacy
skills and argumentative writing increased students’ proficiency (Statistical Analysis 3,
n.d., para. 4).
Final Conclusion
As one considers the findings that have been studied for the two-fold problem
faced by science educators at the high school in this study in relationship to analytical,
thinking, reading, speaking, and writing skills, in conjunction with the initiative
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implemented and the significant findings related to the difference between the pre- and
post-argumentative writing assessment, one can conclude that the initiative as
implemented has made a significant difference in student proficiency. The initiative
design focused on the six research-based contributing factors of the problem. The first
contributing factor identified the need to change due to legislative policy in the form of
the new Common Core, cross cutting standards, state assessments, the proposed NGSS,
and proposed new state assessments for science. Understanding that there is a problem
and a need to change helped to initiate a solution to the problem. The second focus of the
initiative was to change current analytical literacy philosophy into evidence-based best
practice. Most of this was done through conversation during PLCs and through ongoing
conversations about what is the best way to help students learn. The third factor focused
on during the initiative was to determine how to implement these strategies in the science
classroom. This took time, feedback, conversation, review, research, in an ongoing
systematic manner. There were times where students did not seem to be making
improvements, and yet the teachers were persistent—developing and implementing
instructional plans based on evidence-based literacy strategies to help all students close
their learning gaps.
Once the instructional practices were implemented, the use of formative data
caused the teachers to realize that additional time and skill development was necessary to
have a direct impact on argumentative thinking and writing. Use of formative data was
minimal prior to the initiative; thus, it was the fourth contributing factor. There was a
risk involved in taking more time to develop the skill because it left less time to focus on
content; however, the evidence has proven thus far, that the impact has not been negative,
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rather only positive. Meanwhile, to address the fifth contributing factor, students were
provided opportunities to reflect on their own understanding and learning related to
scientific concepts, and how they demonstrate their understanding to real world problems
through the use of argumentative writing. This metacognitive practice allowed for
student-based ownership of the cross cutting analytical skills, and deepened the desire to
continue to improve their scientific thinking and writing. Lastly, teachers were given
opportunities to use professional learning time and outside professional development to
enhance their own understanding and to enhance their own pedagogical skills in
analytical thinking and writing. This professional learning allowed the sixth contributing
factor to be addressed.
Limitations
There are clear limitations related to the study. First, the sample size is small, N =
97. Thus, the overall outcome may be different if more students were included in the
study. Second, since the researcher was the primary instructional leader and the
researcher was solely responsible for the assessment, bias may be a factor that influences
the scores on the pre- and post-assessments. If an outside analysis of student work was
conducted, the bias may be limited in a future study. The third limitation is that this
study occurs in a mid-western high school that reflects demographics that are different
than other like high schools in the state and the nation. Expansion of the initiative to
other high schools of similar demographics could be done to see if there is a difference in
the overall outcome of the implemented plan.
The initiative is not complete. Additional time is needed to see the long term
affects on state assessments and the potential science assessments the state may mandate.
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There must be a commitment to the longevity of this initiative because these are
challenging contributing factors. The factors must be intentionally thought about, talked
about, planned for, reflected on, and modified if continued significant change in students’
thinking, speaking, writing, and reading is to be measured. The problem and the reaction
to the problem is in essence school improvement at the classroom level.
Recommendations for Further Study
To further this study at the local mid-western high school, a 13-step action plan
has been developed. These recommendations come as a result of anecdotal findings, the
quantitative findings, and the educational research that has been conducted during this
study. As evidence from this study shows students indeed have better critical thinking
skills as demonstrated on the persuasive argumentative writing assessments. The growth
that has been attained should not be lost at the next level of science; therefore, a strong
school improvement model based on professional learning communities and an action
plan has been developed and is set for implementation in subsequent years.
Action Steps to Meet the Goals: School Year 2014-2015
1.

Annotate at least two exemplar papers for each writing assignment.

2.

Share success stories of analytical thinking and writing with all science teachers by
demonstrating exemplars with annotations to prove student performance levels at
the end of 9th grade.

3.

Establish a plan to support students in biology to increase proficiency on analytical
literacy skills and argumentative thinking, writing, and discourse.

4.

Submit results to the principal and district.
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5.

Increase the amount of student self-reflection on argumentative writing by using the
writing log and SMART goals at the beginning of the school year.

6.

Continue professional development on visible thinking and learning, argumentative
writing, and analytical literacy strategies.

7.

Continue review of all assessment data and make modifications to instruction and
curriculum based on progress data and summative data.

8.

Develop a plan to share the process with the middle school so that students have
base line proficiency in the skills for the initiative.

9.

Create a record of the processes used by teachers to change the instructional
practices.

10.

Create a record of the unit plan associated with literacy skills.

11.

Create a record of thinking stems.

12.

Create a manual of how to use cross cutting analytical thinking skills and scientific
argumentative writing skills.

13.

Continue review of all assessment data.
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Common Core Definition for Argumentative Writing
The CCSS has threads of persuasive, argumentative writing across the curriculum
specifically for history science and technical courses. The expectation for this writing is
gradually increased in the complexity from grades 9 through12. The following only
shows slight variations in the level of the skill students need to demonstrate; however, the
core style of writing does not vary.
For more information related to analytical literacy skills in science use the following link:
https://docs.google.com/a/bcpsk12.net/document/d/1qWpK6WwK68z6eyRo9i34q7gxS6
R8bEMFQo8pWxzkHDY/edit


Write arguments to support claims in an analysis of substantive topics or texts, using
valid reasoning and relevant and sufficient evidence (9-10) – (W)
a. Introduce precise claim(s), distinguish the claim(s) from alternate or opposing
claims, and create an organization that establishes clear relationships among
claim(s), counterclaims, reasons, and evidence.
b. Develop claim(s) and counterclaims fairly, supplying evidence for each while
pointing out the strengths and limitations of both in a manner that anticipates
the audience’s knowledge level and concerns.
c. Use words, phrases, and clauses to link the major sections of the text, create
cohesion, and clarify the relationships between claim(s) and reasons, between
reasons and evidence, and between claim(s) and counterclaims.
d. Establish and maintain a formal style and objective tone while attending to the
norms and conventions of the discipline in which they are writing.
e. Provide a concluding statement or section that follows from and supports the
argument presented.



Write arguments to support claims in an analysis of substantive topics or texts, using
valid reasoning and relevant and sufficient evidence (11-12) – (W)
a. Introduce precise, knowledgeable claim(s), establish the significance of the
claim(s), distinguish the claim(s) from alternate or opposing claims, and create
an organization that logically sequences claim(s), counterclaims, reasons, and
evidence.
b. Develop claim(s) and counterclaims fairly and thoroughly, supplying the most
relevant evidence for each while pointing out the strengths and limitations of
both in a manner that anticipates the audience’s knowledge level, concerns,
values, and possible biases.
c. Use words, phrases, and clauses as well as varied syntax to link the major
sections of the text, create cohesion, and clarify the relationships between
claim(s) and reasons, between reasons and evidence, and between claim(s)
and counterclaims.
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d. Establish and maintain a formal style and objective tone while attending to the
norms and conventions of the discipline in which they are writing (Dorn et al.,
1998)
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Process Step One: Scientific and Engineering Practices
Purpose: Introduce scientific and engineering practices
Time: 1 hour
Materials:
 Scientific and Engineering Practices in K-12 Classrooms: NSTA December 2011
 Scientific Practices Chart
http://nstahosted.org/pdfs/ngss/resources/201112_Framework-Bybee.pdf
Directions:
1. Read the Scientific and Engineering Practices in K-12 classrooms article (Jigsaw:
expert group with a poster representing essential ideas)
2. Complete the activity
3. Fill out the table on the Scientific Practices Chart (below)
4. Share responses as a whole group
Scientific Practices Chart
Scientific/ Engineering
Practice
Asking questions or defining
problems

Developing models

Planning and carrying out
investigations

Analyzing and interpreting
data

Where did you see evidence
of this practice?

How might this lesson be
adapted to add this practice?
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Using mathematical and
computational thinking

Constructing explanation or
designing solutions

Engaging in argument from
evidence

Obtaining, evaluating, and
communicating information

74
Process Step Two: Standard Comparison Activity
Purpose: To compare the Michigan Content Expectations to NGSS standards
Time: 45 minutes
Materials:
 Michigan Content Expectations for Science and Draft NGSS
 Science and Engineering Practices in the NGSS
http://www.livebinders.com/play/play_or_edit?id=290379
 GLCE’s and HSCE’s
http://www.livebinders.com/play/play_or_edit?id=290379
 Comparison cards
http://openaccess.kentisd.org/ContentLibrary/Resource/67540
 NGSS
http://www.missionliteracy.com/uploads/3/1/5/8/3158234/cte_ccr_ngss_feb_4.pdf
Directions:
1. In a small group of 3-4 people compare and contrast the current standards to the
proposed NGSS. Focus on the following questions
a. What do you notice about the standards?
b. How might current instruction strategies need to change to achieve the
NGSS?
c. What do you like/dislike about the new standards?
d. What challenges might students have with the new standards?
2. Write your ideas on large chart paper.
3. Conduct a gallery walk to see other group responses. (modification: if using this
activity K-12 divide the standards by grade level)
a. Leave at least 2 comments for the other groups
b. Review the previous comments from other groups
4. Review the scientific and engineering practices
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Process Step Three: Standard Review Protocol
Purpose: To understand what the performance expectations are, and what the
performance expectations are not
Time: 45 minutes
Materials:
 Next Generation Conceptual Shifts
http://www.nextgenscience.org/sites/ngss/files/Appendix%20A%20%204.11.13%20Conceptual%20Shifts%20in%20the%20Next%20Generation%20Sci
ence%20Standards.pdf
Directions:
1. Read each performance expectation
2. Review the boxes to see which material from the framework was included in the
performance expectation
3. Then use the following questions to dig into the standard:
a. Students are expected to know that
b. Students are expected to be able to do..
c. The students are not expected to…
d. How clear is your understanding of what the students must know and be
able to do?
e. How might these standards be clarified?
f. What tasks might you have students do in order to have them reach the
expectation?
g. How much instructional time (in days) might it take to cover all the
performance expectations in this set?
h. What are your thoughts?
Process Step Four: College and Career Ready Skills
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Process Step Four: College and Career Ready Skills
Purpose: To understand how the cross cutting literacy strategies are included in the
Common Core standards
Time: 45 minutes
Materials:
 College and Career Ready Skills handout
Directions:
1. Read through the College and Career Ready Skills Handout (below)
a. Mathematical practices
b. Social Studies Process standards
c. ELE Claims
2. Review the reading to find connections between the disciplines
3. With your collaborative group members list the connections on large chart paper
4. Reflection: What benefits are there for making these connections?
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Process Step Five: Thinking and Acting Like a Scientist: Argumentative Practices
1.

Scientist practice and use the process of scientific argumentation by “weighing
evidence, interpreting text, and evaluating claims” (Driver, Newton & Osborne,
2000).

2.

Through learning about argumentation (claim, evidence, reason, counter
examples), students’ thinking about what scientist do, can be changed.

3.

Through argumentative thinking, students develop a deeper understanding of
science concepts.

4.

By reading and listening to students argue their points about a leading question,
their thinking becomes “visible” and it allows for re-teaching and easier
identification of misconceptions.

5.

To help students understand why it is important to think like a scientist and then
to write like a scientist, it is important to show through literature review, role
play, and case studies how scientists use the logical inclusion of data and the
association of the reasons to the claim.

6.

Another important part of the instructional path that can help students understand
the importance of this thinking is to see the similarities and the differences
between conversational explanation and scientific explanation. Students’
experience with the action to explain in general terms does not require data
analysis, and it does not routinely require the connection to a scientific principle.

7.

Instructional design needs to be infused with the thinking process. If students
make a claim or a simple answer, encouragement to make connections to
observations or data with a reason can help them realize that this process is a way
of thinking that helps to support a position regardless of the complexity of the
issue.

8.

Provisions for student analysis of others explanations can help students realize
the essential components to a strong persuasive argument. This type of analysis
of writing or spoken presentation causes students to compare the expectations of
a quality argument to a peer. Through this analytical experience, students not
only can see the various types of writing, but also gain insight to clear or unclear
logic, appropriate, or in appropriate data, and sufficient or insufficient data.

9.

Another structured instructional strategy is to provide feedback that is specific,
and then have students reflect about what they might do to improve their own
thinking.

The previous information comes from:
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McNeill, K.L. & Krajcik, J. (2011, March). Claim, Evidence, and Reasoning:
Supporting middle school students in evidence-based scientific explanations. Workshop
presented at the annual national meeting of National Science Teachers Association. San
Francisco, CA.
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Introduction to Gradual Release Instructional Model
Literacy
Focus





Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Focus Lesson

Claim

Curriculum

Open to Ideas with
Skepticism

Write

Guided Instruction

Evidence

Instruction

Critical Thinking

Discuss

Collaborative

Reason

Independent

Counter Example

Reflect-Feedback

Conclusion

Visible Learning

Read





Assessment



Self Direction
Curiosity



Persistence

Purpose: The following set of quotes and illustration are designed to provide a catalyst
for conversation about the Gradual Release Instructional Model. The gradual release
model is designed to guide teacher’s instructional plans so that there is enough support
for students as they are learning new content or skills.
Engage in conversation with educational colleagues before diving in and using it. This
model looks as though it should be followed in a linear fashion but it is not intended to be
a linear framework. Rather the model is a guide to help teachers as they plan instruction
and use formative feedback to modify the instruction. Most often when students don’t
understand a lesson or skill it is most likely because the instructional plan was not
gradual enough; instead the plan had gaps due to teacher assumptions about student’s
prior knowledge or skill level.
Gradual Release Instructional Model Steps:
1. Select a literacy strategy to use with the “Anchor” texts below and then provide
sufficient time to read the text.
2. Reflections: Engage in discourse with a group of teachers who are considering the
gradual release instructional model.
a. Think about times when the learning of a new concept went really well and
compare it to the model.
b. Think about times when the learning of a new concept “fell apart” and compare it
to the model.
c. Think about the similarities and differences between the times the lesson went
well and times when the lesson did not go well. How does that compare to the
model?
d. Think about how the lesson that “fell apart” might have ben different if the
gradual release model was used when teaching the new concept?
3. Next, try the gradual release model and then follow up with students by asking them
for feed back about the lesson.
4. Last, continue using the model.
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Gradual Release Instructional Model Anchor Texts

Gradual
Release
Model of
Instruction
Why?

Excerpts from “Visible Learning. A synthesis of over 800 meta-analysis
relating to achievement” John Hattie, Routledge. 2009 and “Visible
Learning and the Science of How We Learn” John Hattie and Gregory
Yates, Routledge, 2014
 Visible teaching and learning occurs when learning is the explicit goal,
when it is appropriately challenging, when the teacher and the student
both (in their various ways) seek to ascertain whether and to what
degree the challenging goal is attained, when there is deliberate
practice aimed at attaining mastery of the goal, when there is feedback
given and sought, and when there are active, passionate, and engaging
people (teacher, student, peers, and so on) participating in the act of
learning.
 The remarkable feature of the evidence is that the biggest effects on
student learning occur when teachers become learners of their own
teaching, and when students become their own teachers. When
students become their own teachers they exhibit the self-regulatory
attributes that seem most desirable for learners (self-monitoring, selfevaluation, self-assessment, self-teaching.
 When these professionals see learning occurring or not occurring, they
intervene in calculated and meaningful ways to alter the direction of
learning to attain various shared, specific, and challenging goals.
 Aspects of teaching approaches that are associated with student
learning include:
o Paying deliberate attention to learning intentions and
success criteria;
o Setting challenging tasks;
o Providing multiple opportunities for deliberative practice;
o Knowing when one (teacher and student) is successful in
attaining these goals;
o Understanding the critical role of teaching appropriate
learning strategies;
o Planning and talking about teaching;
o Ensuring the teacher constantly seeks feedback information
as to the success of his or her teaching on the students.
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Why?





1






2





2/3






4



Such learning takes time but one of the teacher’s roles is to maximize
the efficiency of the time available, to provide many opportunities to
learn the same ideas over time, and to ensure time is spent on
learning, and not merely doing ‘something’.
Successful learning is learning that is forgotten. Meaning that one
must over learn or one must practice until the automaticity of the skill
becomes natural.
This is a major reason why we need explicit teaching to not only
learn the ideas but also to relate these ideas and see connections,
relationships, or ‘coat-hangers’ between the ideas. Complex learning
rarely happens by osmosis, discovery, or having a ‘guide on the side’.
The central idea behind social modeling is to allow the learner an
opportunity to witness the skills displayed by a competent individual.
When using modeling to encourage observational learning, teachers
will deliberately show progressive steps, and ensure that observers
have ample opportunity to assimilate information gradually. Besides
modeling, other critical instructional components involve verbal
instruction, encouragement, scaffolding, and a good deal of practice
under conditions where immediate corrective feedback is offered at a
high level.
Procedural skills are enhanced substantially by the opportunity to
study partially worked examples. Controlled studies have shown that
when a learner is provided with worked examples, then providing
additional verbal instructions in not needed.
The simple truth is that procedural learning (a) is slow and (b)
requires much feedback and extended practice. Once mastered,
procedural knowledge becomes the basis for action and expertise, and
will implicate elements of behavioral chaining and automaticity.
Practice makes perfect. After being engaged in any activity for
several years you become an expert in that activity. Stick at it, and
you can achieve at the highest level. All it takes is practice.
It must be deliberate practice.
The key idea behind deliberate practice is time devoted to training
tasks that a person can identify and achieve mindfully and
sequentially. Instead of being haphazard or recreational, this form of
practice is highly structured.
In essence, there is always an intended cognitive or psychomotor skill
targeted.
Automaticity allows three things to occur. First it allows the learner
to relax and then it allow the learner to prioritize their energies, and
last it allows the learner to shift their attention onto what is becoming
important.
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Common Definitions of Scientific Argumentative Writing
Mid-Western High School teachers arrived at common definitions by using professional
discourse about information similar to the Relevant-Supporting Evidence Description
from the Regents of the University of California located below. They arrived at the
common definitions from experiences at professional development, research from the
Internet, language used in the CCSS, and language from the proposed NGSS. During the
discourse, the teachers used questions similar to the following questions to arrive at the
common definitions:






“What do we already do that is similar to these skills?”
“What are we not already doing that is similar to these skills?”
“What do these really mean in the context of our classroom?”
“How might we begin to define these for our science department?”
“How might we begin to define these skills for our students?”

To learn more about Scientific Argumentative Writing Visit:


Relevant-Supporting Evidence Description:
http://sciencearguments.weebly.com/uploads/2/6/4/3/26438648/rse_description_v1.p
df

Or use the following definitions to begin the discourse about Scientific Argumentative
Writing (McNeill & Krajcik, 2011):


Claim: Testable statement or conclusion that answers the original question.



Evidence: Scientific data that supports the student’s claim. The data can be original
and collected by students or it can come from other scientist’s results. The data needs
to be both appropriate and sufficient. Students struggle with identification of the
most appropriate data points and the amount of data that creates a plausible argument.



Reasoning: A justification that shows why the data counts as evidence to support the
claim and includes appropriate scientific principles. Students find this to be
extremely difficult to make the connections to prior knowledge, or to find the
appropriate scientific reason to support the claim and evidence connections.
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Planning Template
Title:

Goal(s) (Include state standards, cross cutting literacy skills (CCSS), habits of
mind):

Big Idea (What do you want students to remember 40 years from now?):

Essential Questions:
What are the leading questions that will help students think and produce quality tasks
related to the goal? These questions should be related to STEM.

Desired Understandings:
What scientific principals or concepts do you want students to think about for their
scientific argument? What do you want them to understand and explain in their
reasoning?

Modified from (“QPOE2,” 2014), (Wiggins, G. & McTighe, J., 2005), (“MI-Map 5:6,” 2014), (“Science
Notebook Component Chart,” 2008), & (“50 Questions,” 2014)
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Key Knowledge


What vocabulary related to the STEM problem should students know?



What scientific principles should students know?



What cross cutting analytical literacy skills and argumentative writing skills should
students have?



What visible thinking should students be able to use?



When and how will you share this information with students?



What habits of mind students must do?



Know: Write as student “I can statement…”



Do: Write as student “I can statement…”
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Assessment Blueprint
Performance Tasks
1. Define the real world problem (STEM) by using a RAFT, or write a problem as an
inquiry question.
 Is it testable in the lab or the field?
 Does the question have two clear variables?
 Is it repeatable?
 Does it result in data?
 Does the problem result in new knowledge?
2. Determine the level of student inquiry for the investigation and then match the level
in the development of your assessment.
Confirm
Structure
Guide
Open

3. Select the literacy “Anchor” connection to build background knowledge during the
knowledge probe. (See separate page for further explanation.) Does the literacy “Anchor”
help students identify what they need to know? Does the literacy “Anchor” help
students identify what they need to be able to do? What literacy strategy will you
use to help them extract the information? How will you assess this? What will you
do to give feedback? What do you plan to do if students do not extract the
background knowledge?
4. Determine what strategy to use to engage students in the development of a hypothesis
based on the habit of mind curiosity.
5. Create an investigation or formulate how your students will design an
investigation to explore the problem. Keep in mind the QPOE2 model.
6. Determine what type of data (qualitative or quantitative) will be collected to match the
learning goals and scientific principles. The data can be real time data collected by
students or it can be data that comes from scientific investigations conducted by an
outside source.
Then, identify the following evidence based instructional strategies:


What habit of mind will students be thinking about?



What level of support will you give to students through the Gradual
Release of Instruction Model?



When will you use formative assessments in the process above? What
understandings or goals will be assessed through this task?
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What type of self-reflection or self-assessment opportunities will you provide for
the student? How will you have students rethink about the big ideas or important
contents? What instructional practice will you use to have students revise or refine
their skills, products, performance, or thinking?



Through what scaffolded tasks will student demonstrate understanding? (Writing,
or Speaking). These are tasks that will help students build schema for the final
argumentative writing.

Culminating Task


What final student product and/or performances will provide evidence of the
desired understandings? This might be chosen by the teacher or student generated
with teacher permission. Will it be oral discourse or written?



What qualities must student work demonstrate to signify that standards were met?
What rubric will you use? When will you review the rubric with students? What
analytical strategy will you use to enhance comprehension of the rubric? Do you
have exemplars? What is the plan for using them to enhance student performance?
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Timeline
What is the basic instructional plan? This may range from one lesson to multiple lessons.
Fill out the chart below as you answer the questions above. This will help to scaffold a
sound investigation that uses cross cutting analytical thinking and writing skills.
Planning towards inquiry based
argumentative writing.

Use the Reflective Teacher
Prompts to Assist

Investigation: Problem/Question
(1-3)

What type of
problem statement
will you write?
Inquiry? Real
World?
Combination?
What type of
RAFT will you
write?

What is the level of
inquiry for the
investigation?

What is the
“Anchor” text you
will use to help
build students
background
knowledge during
the knowledge
probe?

What evidenced
based analytical
literacy skills or
visible thinking
strategies are you
going to use? Will it
be thinking, writing,
and oral discourse?

What level of
instructional
support will
you use on
the Gradual
Release
Model?

Will you
assess this?
How will you
assess? What
type of
feedback will
you/peers
provide?

Will students
selfassess/reflect?
If so, what will
they do and
how will they
do it?
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Hypothesis
(4)

What will students
do to generate a
prediction?

Investigation: Design and Data
(5-6)
QPOE2
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 What are the
independent variable
(cause/manipulated)
and the dependent
variables (effect or
responding)?
 What step-bystep plan will you
provide for your
students?
 What
instructional plan
will you use to help
students develop
their own inquiry
investigation?
 What materials
are necessary or
acceptable?
 How will you
engage students in
the investigation
design or
investigation
protocols to ensure
reliability and
repeatability?
 What can you do
to provide
opportunities for
“Messing a bit?”
 What type of
observations will
students make
(qualitative/quantitati
ve)?
 Will the teacher
design and explicitly
define the type and
quantity of the
evidence to be
collected?
 What type of
graphic organizer
will the teacher give
to the student?
 Or, Will students
design and collect
their own evidence?
 What process will
you use to help
students develop a
sufficient graphic
organizer to collect
the evidence?

Scientific Argument: Evidence
(7)
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 What is the most
convincing piece(s)
of evidence?
 What is the least
convincing piece(s)
of evidence?
 What types of
univariant data
analysis are you
expecting students to
make and use?
 Why is this data
important?
 What amount of
evidence is
sufficient?
 What evidence(s)
can be used to prove
a counter argument?
 What will
students do with the
evidence?

Scientific Argument
(8-10)
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 How are
students going to
use critical
thinking to explain
in an
argumentative way
the findings of the
investigation?
 What are the
claim, the
evidence, the
reasons, and the
conclusion with
reflection?
 What
significant
evidence could be
used to support the
argument?
 What is a
sufficient amount
of reasoning?
 What
connections do you
minimally expect
back to the
scientific
understandings,
principles, and
vocabulary?
 What might be
a compelling
reason to support
this claim and
evidence?
 What might be
the most
compelling
evidence to use in
a counter
argument?

Reflection
(12-14)

Conclusion
(11)
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 What do you
expect in the
conclusion?
 Sources of
Errors
 Confidence of
findings (See
appendix…)
 What do you
expect related to
fair test comments?
 Surprises?
 Connection to
prediction?
 Application to
the STEM question
in another context?
 What type of
reflection
opportunity will
you provide to
your students to
think about the
 Experiment
 Learning
Experience
 Skills and
Behavior

Modified from (“QPOE2,” 2014), (Wiggins, G. & McTighe, J., 2005), (“MI-Map 5:6,” 2014), (“Science
Notebook Component Chart,” 2008), & (“50 Questions,” 2014)

*For transitional

phrases and transitional words use the following website
https://docs.google.com/a/bcpsk12.net/document/d/1Rmp_tmkJqY8Qv0pObmR8JrCggJf
GRM3ZP1MYO9FK5IM/edit
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RAFT
Literacy
Focus
Read
✔ Write
Discuss

Gradual Release
Primary Use
✔ Focus Lesson

Argumentative
Thinking
✔ Claim

Process: How
to

Habit of Mind

✔ Curriculum

Open to Ideas with
Skepticism

Guided
Instruction

✔ Evidence

Instruction

✔ Critical Thinking

Collaborative

✔ Reason

Assessment

Self Direction

Independent

✔ Counter Example

Reflect-Feedback

Curiosity

✔ Conclusion

Visible Learning

Persistence

Purpose: As you create your learning plan, keep in mind a simple strategy to help you
and the learning stay on point. RAFT is an outline that keeps the writing prompt centered
on “R” role of the writer, “A” who the writer is going to address/audience, “F” format
that the final writing will take (inclusive of argumentative writing), and “T” topic that
will be central to the writing. (Refer to your planning template step 1 in the Assessment
Blueprint). This strategy allows you to think globally about cross cutting skills such as
STEM themes, and helps you to organize your thinking, which in turn will help the
student organize their thinking (Urquhart et al., 2005, p. 96).
RAFT Steps: When Writing up an Assessment Blueprint
1. Determine the role of the writer. What is the writer’s role? Try to keep it real and not
contrived. There are so many people, in so many walks of life, which must write
reports, interpret reports, and understand reports so keep it as real as possible.
(Reporter, observer, eyewitness, homeowner, business manager, etc.).
2. Determine who the audience will be. Who will be reading this writing? The teacher,
other students, people in the community, other science related professionals. Again,
keep it as real as possible.
3. Format. What is the best way to present this writing: a letter, article, and a report?
4. Topic. What is the subject of this writing than can be addressed with a claim,
evidence, and reason?
5. Variations and modifications include:
a. Providing sentence stems
b. Using graphic organizers
c. Setting the expectation for use of specific vocabulary and the specific desired
understandings in the writing
d. Connecting it with an “Anchor” text
6. Extension. Allow students to be creative and set their own RAFT for the assessment.
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Levels of Inquiry
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Read

✔

Focus Lesson

✔

Claim

✔

Curriculum

✔

Open to Ideas with
Skepticism

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

Purpose: When preparing for an investigation, it is important to determine the desired
level of student inquiry early in the planning cycle. The first table below illustrates the
levels of inquiry. Twenty-first century learners are self-directed; thus, striving to move
students toward the “open” level of inquiry is the goal. It is not always necessary to be
completely “open” or student self-directed because that is very time intensive. However,
providing several opportunities for students to experience a level of open inquiry every
year should be the goal. One of the most important parts of leveling your investigations
is preparing for “messing about” or “messing a bit.” This allows students opportunities
to take specific directions and to be sure they understand how to use the directions to
minimize sources of errors. It is also an opportunity for students to be curious while
building prior knowledge, skills needed for the investigation, and skills needed for the
investigative experiences.
The second table is a way to quickly see what type of information you would provide to
students based on the level of inquiry you have selected to develop. Twenty-first century
learners need to be taught many skills to be successful at the “open” level of inquiry.
Teaching the skills indeed requires a gradual release towards independence. It has been
proven statistically that if you jump to the “open” level without appropriate support, the
outcome will be ineffective.
Levels of Inquiry Steps
1. Use the table below to help you decide the level of inquiry your students will use in
the investigation.
2. Use the second table to help you determine what type of specific support you will
provide to the student during the investigation.
3. Plan the investigation so that students can reach the desired level of inquiry.
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Teacher Directed  Student
Directed 
 Traditional

Transformational 
Confirmation
Structured
Guided
Open
Students investigate a Students investigate a Students investigate a Students investigate a
teacher-presented
teacher-presented
teacher-presented
question that is
question to confirm a question through a
question using a
student-formulated
principle where the prescribed
student-designed or through a studentresults are known in investigation plan
selected investigation designed or selected
advance
plan.
investigation plan
Messing a Bit: Messing a bit is a level of inquiry used in conjunction with other levels of
inquiry. Student’s build needed prior knowledge, skills, and experience through direct
exploration.
(VanAndel, 2014)

(ELA Common Core, 2014 and Banchi & Bell, 2008)
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“Anchor” Text
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Read

✔

Focus Lesson

✔

Claim

✔

Curriculum

✔

Open to Ideas with
Skepticism

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

Purpose: Analytical reading strategies, or close reading strategies will help students
become life long learners. By selecting appropriate text from textbooks or
other resources, students can build background knowledge during the
knowledge probe. Learning comes from making personal connections to the
new science learning targets. By selecting appropriate text, partnered with
close reading strategies, students should be able to extract the appropriate
information needed to comprehend the learning targets. The “Anchor” text should help
students identify what they need to know, what they need to be able to do, specifically
scientific principles, scientific concepts, key terms, and STEM problems. As a teacher
simply providing the reading will not be sufficient, think about what type of reflection,
feedback, and modifications you will employ with the “Anchor” text. The following is a
link to the CCSS with the definition and grade level expectations for cross cutting
analytical literacy skills.
http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
“Anchor” Text Steps
1. Read the following excerpt from “Response: Teachers know a lot about scaffolding
for complex texts.”
2. Ask yourself some reflection questions such as:
a. How might I use an “Anchor” text?
b. How might I use literacy strategies to help all students increase their
understanding of the text?
c. What do I already do well?
d. What do I do that I must stop doing?
During close reading, students re-read the same piece of text several times, often
for different purposes or to find specific information. Literacy research suggests that this
is a valuable scaffold for comprehension. In addition, as part of close reading, students
annotate the text. This scaffold ensures that students slow down and think about the
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information they are finding in the text. Students can use their annotations in responding
to teachers, discussing the text with peers, or writing responses to performance tasks.
Students respond to text-dependent questions, which are another useful scaffold. These
questions drive students' attention to specific parts or aspects of the text. In responding to
these questions, students provide evidence from the text and evaluate the information
contained in the text, comparing that with their own knowledge and experience. Finally,
close readings involve a great deal of discussion. As students interact with their peers,
they evaluate the perspective and understanding of others, which is a great scaffold for
learning.
This has been a rather long response to the question. A quicker response might
have been to say that teachers know a lot about scaffolding that they should not forget as
they implement the Common Core State Standards. The difference between then and
now is when the scaffolds are deployed. Historically, we have used front-end scaffolds,
meaning that the support was provided before students read the text. This was often done
in the form of frontloading, pre-teaching vocabulary, and explaining things. We realize
that these front-end scaffolds have removed the need for many students to read, so now
we're focused on distributed scaffolds and back-end scaffolds. In other words, rather than
provide a lot of scaffolding upfront, we use those scaffolds between each reading of the
text and then determine where understanding has broken down.
Importantly, scaffolds are not verboten when implementing the Common Core
State Standards. Teachers have to analyze the texts they are planning to teach, they have
to determine instructional arrangements, and then they have to guide students through
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close reading. When these systems are in place, students feel supported and challenged,
which is the main policy goal of the Common Core State Standards (Ferlazzo, L., 2014).
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QPOE2
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Read

✔

Focus Lesson

✔

Claim

✔

Curriculum

✔

Open to Ideas with
Skepticism

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

Purpose: Use this simple graphic to help students understand that science is about a
community of practice. Use this graphic when introducing “thinking and acting like
scientists” to students. This is a graphic that helps make the process of scientific inquiry
more adaptable than the traditional “scientific method.” When explaining the flow chart
below keep in mind that scientist can enter into the process at any point. All of the boxes
show that the steps are inter-connected and not linear, as past scientific investigation
models have been taught. Not only does it show the inquiry path is interconnected. It
also shows how the habits of mind and the instructional models must be interconnected as
well. The VanAndel Education Institute has large posters of this model and other
products that make this more meaningful to students.
Keeping this graphic visible will help students recall that science is not only about the
science content but it is about thinking and acting like a scientist. Engage student in
conversation about the flow chart to help them understand the similarities and differences
between the traditional scientific method and the QPOE2 process. Students must shift
from one model to the next. The QPOE2 model is one used in the field by professional
scientist therefore, 21st century learners must shift his/her thinking about how scientist
think and respond to inquiry-based questions (Help! 2013, p. 30).
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QPOE2 Steps
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Habits of Mind
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Read

✔

Focus Lesson

✔

Claim

✔

Curriculum

✔

Open to Ideas with
Skepticism

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

Purpose: Thinking and acting like a scientist is the greatest
outcome a science teacher hopes to see demonstrated by his or her
students. A cognitive shift must occur in the teacher to move the
thinking from “I expect the scientific habits of mind,” to “I must
teach the habits of mind,” through scaffolded learning
opportunities. The following is a list of quotes that represent the
five habits of mind that are focused on in this project. There are
many other habits of mind, in fact there are 16 of them, however
some of those habits are embedded in the literacy strategies, the gradual release model,
and self-reflection and feedback. Therefore, the other 11 habits do not need special
attention drawn to them. But, the five that are listed below are often the ones that inhibit
students the most from thinking and acting like a scientist because they are “soft skills,”
that are frequently not taught or assessed. The following is a list of quotes that was taken
from the Habits of Mind Institute, website. The ideas have been modified into the five
main focus areas. A quote for each habit of mind is listed below with the appropriate
hyperlink to other quotes about each habit of mind.
Open to New Ideas with Skepticism
Being proud of admitting we don’t know;
resisting complacency.
Learn from experiences!
http://www.habitsofmindinstitute.org/resources/quotes/hom-quotes/16-remaining-opencontinuous-learning/
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Critical Thinking
Accessing prior knowledge; transferring knowledge
beyond the situation in which it was learned.
Use what you learn!
http://www.habitsofmindinstitute.org/resources/quotes/hom-quotes/8-applying-pastknowledge/
Being aware of your own thoughts, feelings,
and actions and their effects of on others.
Think about your thinking!
http://www.habitsofmindinstitute.org/resources/quotes/hom-quotes/5-thinking-thinkingmetacognition/
Self-Direction
Being adventuresome.
Living on the edge of one’s competence
Venture Out!
http://www.habitsofmindinstitute.org/resources/quotes/hom-quotes/13-takingresponsible-risks/
Finding the whimsical, incongruous and unexpected.
Being able to laugh at one.
Laugh a little!
http://www.habitsofmindinstitute.org/resources/quotes/hom-quotes/14-finding-humor/
Desiring exactness, fidelity, perfection
elegance and craftsmanship.
Check it again!
http://www.habitsofmindinstitute.org/resources/quotes/hom-quotes/6-striving-accuracy/
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Curiosity
Finding the world awesome, mysterious.
Being intrigued with phenomena and beauty.
Have fun figuring it out!
http://www.habitsofmindinstitute.org/resources/quotes/hom-quotes/12-respondingwonderment-awe/
Persistence
Persevering on a task
even though the resolution
is not immediately apparent
Stick to it!
http://www.habitsofmindinstitute.org/resources/quotes/hom-quotes/1-persisting/
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Data Analysis Strategies
Literacy
Focus
✔

Read

✔

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Focus Lesson

Claim

Curriculum

Open to Ideas with
Skepticism

✔

Evidence

✔

Guided Instruction

Discuss

Collaborative

Reason

Assessment

Self Direction

Independent

Counter Example

Reflect-Feedback

Curiosity

Visible Learning

Persistence

Conclusion

✔

Instruction

✔

Write

Critical Thinking

Purpose: The following two simple graphics are designed to help students understand
the basics of data analysis through direct instruction. It is best to use these graphics with
students when introducing evidence. Keeping these strategies visible will help students
recall what to do with the data. The simplicity of the graphic DRY MIX, and TALKS
makes reference to independent and dependent variables and representation of the those
variables in a graph easy to remember (Help! 2013, p. 41).
Data Analysis Steps
1. Introduce the data analysis strategies to students and use a literacy strategy to help
them comprehend the information.
2. Introduce DRY MIX and TALKS to students and then provide opportunities to
practice using the concept with data.
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Confidence Chart
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Focus Lesson

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Instruction

✔

Critical Thinking

✔

Read

✔

Write

Guided Instruction

Evidence

Discuss

Collaborative

Reason

Assessment

Self Direction

Independent

Counter Example

Reflect-Feedback

Curiosity

Visible Learning

Persistence

✔

✔

Conclusion

✔

✔

Purpose: This is a simple decision chart designed to help students understand their
confidence level when making a conclusion. Use this strategy when introducing
conclusions to students. This is a strategy that helps make the scientific argument
“stronger” or “weaker” based on the students confidence level.
You will notice that the first decision students must make is about the number of trials.
The purpose of defining the number of trials is to ensure that there is enough data to
analyze. The number suggested in the chart below is just that, a suggestion. Choose the
number of trials that you feel are sufficient based on the type of investigation conducted
by the student.
Keeping this strategy visible will help students recall “what to include,” when writing a
conclusion.
Confidence Chart Steps
1. First, students identify their confidence level for:
Number of trials
Sources of errors
Compared Results
Scientific Practices and Thinking
2. Next, students use the assigned values for each level of confidence and then total each
column, have them record the total at the bottom of each column.
3. Last, students should average the sum of the totals and use the average to assign a
confidence level to their investigation results.
4. If 1:1 create an excel document and include formulas. (Extension: teach students how
to enter the formula).
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Confidence Chart
How confident am I in my investigation results?

Completed
“X” numbers
of trials
(These
numbers may
vary based on
the
experiment)
Sources of
errors

Compared
results

Scientific
Practices and
Thinking

I am strongly
confident (4)

I am somewhat
confident (3)

10 trials

5 trials

Minimized

Tried to
minimize but
wasn’t
successful on
some
Found someone Found someone
else with the
else with
same results
mostly similar
results
I used sound
I used scientific
scientific
practices and
practices and
thinking in the
thinking in the
investigation
investigation
but I can not
and can prove it prove it 100%

Total each
column
Calculate the
average total
from all
columns / 16
Modified from (Help! 2013, p. 48)

I am a “little
bit” confident
(2)
3 trials

I am not
confident (1)

Thought about
sources of
errors but
didn’t control
for them
Found no one
else with the
same results

Didn’t think
about sources
of errors

I used scientific
practices and
thinking in the
investigation
but I “fudged”
them a “bit”

I didn’t use
sound scientific
practices and
thinking in
most of the
investigation

Less than 3
trials

Didn’t check
with anyone
else
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Sentence Frames and Self Reflection Prompts
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind



Read



Focus Lesson



Claim



Curriculum



Open to Ideas with
Skepticism



Write



Guided Instruction



Evidence



Instruction



Critical Thinking



Discuss



Collaborative



Reason



Assessment



Self Direction



Independent



Counter Example



Reflection



Curiosity



Conclusion



Visible Learning



Persistence

Purpose: Use the following charts as part of a direct instruction lesson on how to make
the argumentative writing more fluid. This is not something that students will do with
out direct instruction and without constant reference. By seeing the sentence frames,
using the sentence frames, and hearing the sentence frames, the use of the language will
become more automatic. By working toward automaticity of fluid scientific
argumentative writing students can focus their energy on the new science knowledge and
not the language skills that help to communicate their science knowledge.
Keep the frames visible in the classroom because students will use them as their learn to
think and write like a scientist. Some of the frames are thinking frames to help students
focus their thinking. Some of the frames will help students enter and engage in
discussions at a deeper level because they will be able to transition their thinking into
spoken words. Also, refer students to the conventions part of the argumentative rubric
because transitions are a key criteria in argumentative writing.
Sentence Frames and Self Reflection Prompt Steps
1. Determine which role you want the sentence frames and self reflection prompts to
use.
2. Select what part of the investigation process you want to focus your lessons on
3. Use them and keep them visible for students.
*For transitional

phrases and transitional words use the following website
https://docs.google.com/a/bcpsk12.net/document/d/1Rmp_tmkJqY8Qv0pObmR8JrCggJf
GRM3ZP1MYO9FK5IM/edit
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Teacher Self Reflection
Purpose: Use the following teacher self- reflection chart to assist you in the development
of curriculum units, experiments, and assessment items. You will not use all of the
prompts all of the time, rather the questions are meant to cause you to pause and think
about “why you are doing what you are doing;” all the while keeping the student learning
central to your plans. The self-reflections help you to consider instructional decisions so
that the progression of the learning stays student centered all the while focusing on
scientific argumentative thinking and reasoning. Lastly, this list of self-reflection
prompts allows you to consider what you will do to allow the learner to self-reflect as
well. Learning has to be personal and “self centered,” which in turn allows learning to
become automatic and purposeful. As a secondary instructor, the content tends to drive
our decisions, so pausing and reflecting about your intentions shifts your thinking away
from the content and back to the analytical thinking skills that all 21st century learners
must demonstrate.
The following are general reflection questions that should be asked throughout your
instructional practices and lesson design (see the “Planning Template”).
 What literacy strategy will I use to help students learn?
 What level of support will I give to students through the Gradual Release of
Instruction Model?
 What instructional practice will I use to help students revise or refine their skills,
products, performance, or thinking?
 How will I assess the students?
 When will I use formative assessments in the process?
 What understandings or goals will be assessed through the task?
 What do I intend to do differently with my instruction if students do not meet the
expectations?
 What type of self-reflection or self-assessment opportunities will I provide for the
students?
 Through what scaffolded tasks will students demonstrate their understanding?
 What qualities must student work demonstrate to signify that standards and goals are
met?
 What rubric will students use?
 What exemplars do I have and how might I use them to help students be creative and
produce better personal work without getting “similar” work product?
 What will I do to give feedback?
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Student Self Reflection
Purpose: Use the following chart as part of a direct instruction lesson on how to think
while working through an investigation and while developing a scientific argument
(claim, evidence, reason, and counter argument). Another purpose of the student
reflection is to help students use metacognition about what they learned, how they
learned and what they would like to improve. Engaging students in metacognitive
thinking takes the ownership of the learning and places it squarely in the person who
needs to own it, the student. As teachers we can only make so many connections with
students especially in a secondary setting. Helping students to connect their experiences
to their own personal learning is a terrific way to differentiate, and to formatively assess
the learning. Self-reflection is not something that students will do without direct
instruction and without constant reference to make it automatic. Keeping the frames
visible in the classroom to help students think, speak and write.

Scientific
Argument
Claim
Evidence
Reason
Counter
Example
Conclusion
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Investigation: Problem/Question (1-3)

Investigation Problem/question (1-3)

Teacher
reflection

Confirm
Structure
Guide
Open

Student
reflection

Sentence stems

What real world problem (STEM) will you use to base your inquiry
question on? (Is it testable, repeatable?)
What “Anchor” text will you use to help provide students background
knowledge during the knowledge probe? Or where are you going to
direct students to find the “Anchor” text?
What strategy are you going to use to help students identify the
variables?
How might you use thinking or speaking strategies to engage students
in the comprehension of the directions?
What type of graphic organizer can you use to help make the thinking
visible?
What type of graphic organizer can you provide to your students to help
minimize misconceptions? Or have your students create prior to
conducting the investigation to minimize misconceptions?
What evidence or data are you going to give to students that will help
make this experiment worthwhile?
What evidence or data are students going to collect that will help make
this experiment worthwhile?
How will you support your students learning through the levels of
gradual release?
What level of student inquiry is the best match for this type of
investigation/problem?
What habit of mind is most important for students to focus on?
Does the literacy “Anchor” help students “know” and “do” what is
expected?
What’s the purpose for this experiment and how might you explain?
What issues or problems do you see before you begin the experiment??
What are some of the complexities I should consider before the
experiment?
What habit(s) of mind am I going to work on?
What are my current misunderstandings and what am I going to do
about it prior to the experiment? Maybe, “what information do I still
need before conducting the experiment?”

How can…? How does…? What does…? What if…?
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Investigation: Prediction/hypothesis (4)

Investigation: Prediction/hypothesis (4)
Teacher
reflection

What analytical thinking strategy will students use to generate a
prediction/hypothesis?
What type of visible thinking strategy might you use to have students
engage in conversation and writing to help bring about a logical
hypothesis for the problem/question?
How will you support your students learning through the levels of
gradual release?

Student
reflection

What is the scientist (me) trying to change in the experiment?
What is the cause (/independent variable/manipulated variable)?
What is the effect (dependent variable/responding variable)?
If (cause/independent variable/manipulated variable)….
(effect/dependent variable/responding variable)…
What makes you say this
If….then…
A prediction based on the findings is…
I think this might be a reasonable answer to the problem....
I think the data might look like .....after ....
I believe that ____ will occur if the intended change is applied....
My prediction was not supported by ...evidence...accurate

Sentence stems

then
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Investigation: Design (5)

Investigation design (5)

Teacher
reflection

Student
reflection

Sentence stems

What is the importance of the investigation?
To teach student sound experimental design through the use of reading
literacy strategies
To teach students how to write experimental design through analytical
thinking, discourse, and/or collaborative work
To teach students how to write experimental design through independent
thinking.
What are the variables?
What materials are necessary or acceptable?
What can I do to provide opportunities for “messing a bit?”
What level of support do students need in the design of the experiment?
What type of graphic organizers, or self-reflection questions are you
going to provide for students to engage them in the experimental design
process?
What modifications will you make for students?
When designing an investigation have I considered the following?
How can…? How does…? What does…? What if…?
How much (mass, length, number, amount, etc.) will you use?
How will you use the ________?
How will you get/use ___________ (independent variable)
What is the scientific tool you will use to measure?
What unit is appropriate?
How will you measure _____?(1 cm above, left to right, half way
immersed, etc.)
How will you prove ________ does/doesn’t cause ________?
How many times will you repeat your procedures?
How much time does it take to complete each trial?
How will you keep track of the time of each trial?
How will ______be changed if ______ is done/applied?
What procedure or process might I use to answer the problem/questions?
First, Second, Next, Last
…will be kept the same.
….will be observed or measured
A ……..will be used to measure…….
What are the possible sources of error?
The process/procedure…
The steps…
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Investigation design-Data (6)

Investigation design-Data (6)

Teacher
reflection

Student
reflection

Sentence stems

What graphic organizer or literacy strategy helps students to organize
their thinking?
What type of messing a bit will you allow students to do to ensure
accurate data collection?
What is the most important type of data that should be collected in the
experiment?
Qualititative
Quantitative
How will you allow for students to think through the types of data to be
collected?
What visible thinking strategies would be helpful to students to prepare
for documenting data?
How am I going to record the evidence?
What types of observation would be most compelling?
How am I going to make the observations?
How am I going to organize the evidence and observations?
How am I going construct a graph of my data? TALKS & DRY MIX
How am I going to measure accurately?
How will I be sure to collect both qualitative and quantitative evidence?
What are some of the complexities related to data collection I should
consider?
How might I practice the data collection during “messing a bit?”
In the table…
In the chart…
In the diagram…
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Scientific argument – Evidence (7)

Scientific argument – Evidence (7)

Teacher
reflection

Student
reflection

What graphic organizer or literacy strategy helps students to organize
their thinking about the analysis of evidence?
What strategy can help the student make a claim based on the data set?
What type of speaking or listening strategy can you use to engage the
learner in conversation about the results?
What visible thinking strategies would be helpful to students to prepare
for a written or spoken scientific argument?
What strategy can help the student determine the most compelling
evidence?
What details can you add to make this information feel more complete?
What are the most convincing/compelling/relevant piece(s) of evidence?
How is all of this data/evidence consistent or inconsistent with current
scientific principles?
How might I explain the evidence to someone who wasn’t here during
the experiment?
What scientific words should be used to explain the evidence?
What is the effect/outcome evidence that is the result of the “cause”?
What patterns/relationships do you see on the chart, graph, diagram, and
data chart?
How are _____ and _____ alike/different?
How did you determine the evidence to be alike/different?
How accurate is the information I have found?
How can I verify or test the accuracy of the data?
What details can I add to make this information feel more complete?
This is a repeat.
Which set of data or information is most relevant or important?
How might you show the differences and similarities?
Is there any way to show exactly what you mean by that?
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Student Sentence
Stems- Scientific
ArgumentEvidence (7)

The most convincing piece(s) of evidence is…
The least convincing piece(s) of evidence is…
An example of _____________
The effects of the cause …______________
The patterns in the …are
The relationships in the …are
The patterns seen in the evidence…
The relationship between ____ and ____ in the evidence…
If ______ occurred then__ resulted…
In the _____ trial and the ____ trial when the ___(cause) the ___(results)
are alike/different...
The most relevant data is….because….
The patterns seen in the evidence…
The relationship between ____ and ____ in the evidence…
If ______ occurred then______resulted….
In the _____ trial and the ____ trial when the ___(cause) the ___(results)
are alike/different...
The general trend of the data is….
The most convincing piece(s) of evidence is…..
The following piece of evidence can be used to show an alternative _____
The researcher thinks…because…
For example, when...(cause) then…(effect)
The data organized in Table/Figure…. Supports/does not support our
hypothesis
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Scientific Argument –
Claim (8)

Scientific Argument – Claim (8)
Teacher
reflection

Student
reflection
Sentence stems

What graphic organizer or literacy strategy helps students to organize
their thinking?
What type of discourse will allow students to think aloud about the
evidence and the answer to the question/problem?
How might you make this visible?
What is the simple answer to the question?
How is this answer related to the “cause” and the “effect?”
What type of graphic organizer would help me to organize my thinking?
The answer to the question is…
I know this because the …(Cause) resulted with the following (effect)….
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Scientific Argument –Reasoning (9)
Teacher
reflection

Scientific Argument –Reasoning (9)

Student
reflection

What evidence based strategy will you use to help students determine
what is the most compelling and important reason for their scientific
argument?
Which scientific principle(s) do you expect your students to use?
What strategy will you use to help students know what the expected
scientific principles are?
What graphic organizer or literacy strategy would help the student see
the connections between the evidence and reason or the connections
between the scientific principles and reason visibly?
What will you do to help your students think about the “fairness” of the
experiment?
What visible thinking strategies would be helpful to students to have
collaborative discourse, and opportunities to show the thinking about the
scientific reasoning?
Why did you use the procedures?
What process did you use?
What are some of the complexities related to data collection that I should
discuss in the reasoning?
How might I use the graphic organizer or literacy strategy to help me
organize my reasoning?
What recommendations can be made based on your findings? Support
your recommendations with a convincing argument.
What further predictions can be made based on your work/findings?
Justify your thinking.
What might happen differently if . . .?
Why do you think the experiment has the results? Does it always turn out
this way? why?
How many possibilities can you think of and why?

Why are my findings what they are?
What scientific concepts help explain why the cause results with the
effect?
What scientific idea/property is most important for my argument?
Why do you think this reason is true?
Show how you might prove that your reason is true, recall what occurred
in the experiment? How can you justify this information?
Was this a fair test? What would you change if it weren’t true?
How am I seeing or viewing this information? Objectively or
subjectively? Should I then change my view?
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Student reflection
Reasoning
(9)
Sentence
stems
Scientific
Argument
Reasoning
(9)

This is the most important because…
The scientific principle (name it) says (define it) and as seen in the
evidence (connect it)
The reason that I say this is
When one compares _________ to ________
The investigation was a fair/not fair test because….
I would change…to make it a fair test
I agree or disagree with…
The author states that…
There are several reasons for arguing this point of view.
The first reason is…another reason is…
There are several points to make in support of this view point
Research shows..
It has been found that…
The researcher thinks…because….
For example, when…..
Another reason is…
Since …then….
Also,….
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Scientific counterargument (10)
Teacher reflection

Scientific counterargument (10)

Student reflection

Sentence stems

What visible thinking strategies would be helpful to students as they
prepare to consider the opposing point of view(s) based on the same
evidence?
What graphic organizer or literacy strategy helps students to organize
their thinking?
What are the most compelling evidence students should consider for the
counter argument?
What do you think someone else might say that opposes your point of
view based on the same evidence?
How would you agree or disagree with this?
What might change if ___________ is changed in the experiment?
Are there any other similar answers you can think of with alternative
solutions?
How might you convince us that your way is the best way?
Why didn’t you consider a different solution to the problem?
How might you argue against your current point of view with the same
evidence?
The following piece of evidence can be used to show an alternative
_____
In response to an opposing answer…what if I said that’s not true?
One might consider the following solution to a problem…. but,
Someone might argue. …Against my current position however…
There might be more than one way to consider the evidence such
as…however….
One might say (or claim), (or hold), (or maintain), that…
On one hand, there are some who may disagree with the…but on the
other hand…
A further point they make is
Some might argue vehemently that…
I strongly agree/disagree with the statement because I think…
I agree/disagree somewhat with the statement because … on the other
hand I also know
Other studies have shown…
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Conclusion (11)
Teacher reflection

CONCLUSION (11)

Student reflection

Sentence stems:
Conclusion
(11)

What visible thinking strategies would be helpful to students to prepare
for writing a conclusion to the argument? (Connections between the
original question, hypothesis, procedures, evidence, reason, counter
argument)
What graphic organizer or literacy strategy helps students to organize
their thinking?
What might be some expected sources of errors?
How might students think through their level of confidence about the
results?
Why does the answer make sense to you based on the entire scope of the
investigation/experience?
What connections can you make from the evidence and the reasons to
similar daily occurrences/current events?
Which scientific ideas or solutions make the most sense to me and why?
What is the best example from my evidence and reasons that makes my
solution workable?
What other problems/questions fit this experiment or example that might
be considered in future research?
How might I apply this learning, connection or application to a new
context?
How might I use what I have learned in the future?
What additional information do I need in order to…?
What level of confidence do I have to support my argument?
What are you most surprised about?
What are some sources of errors that impact my evidence? How do they
impact the evidence?
My claim was…and based on the. …and the ….I can conclude that….
The ____ changed my mind about _____
Even though _____ occurred in the experiment I would suggest
changing___ in the future to see what the effect is on ______
I was most surprised by _____
My evidence does /does not support my prediction because_____
In the given experiment/problem I believe the results could be applied in

the f

Sentence stems:

My confidence about this _____ is ______ because ______
I can use what I have learned to do when I . . .
I used to think . . . but now I know . . .
I was on the right track with my idea about . . . but what I didn’t know
was . . .
What will be the benefits of continuing to use what I have learned?
A question I am curious about and want to find the answer to is . . .
One thing I am not sure of . . .
However, there are several reasons to oppose this point of view.
After looking closely at both sides of the issue and the evidence, it is best
to ….because…
Despite the fact …it is also vital to consider…
….that is only partly the case. The other points to consider are…
The advantages of…outweigh the disadvantages of…
What it seems to come down to is…versus…
Even though the issue has two sides, the evidence presented here shows
that…
Even though both sides have merits, the best reason based on the
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Conclusion
Continued…

evidence is…
If we look closely … we will see that it is better to…
Based on the evidence so far, we should…because…
I might apply this learning, connection or application to a new context…
I might use what I have learned in the future….
I can use what I have learned to do when I …
I use to think…but now I know…
I was on the right track with my idea about….but what I did not know
was…
The benefits of ….
A question I am curious about and want to find the answer to is…
The sources of errors are….and they impacted the results….(how?)
I am confident (not) about the findings….(why?)
The surprises in this are…
My prediction was/not supported by ....evidence...accurate
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Reflection – Experimental (12)

Reflection: Experimental (12)
Teacher
reflection

What type of metacognitive reflection will you require your students
to think about for the experiment?

Student
reflection

What do you still wonder about from the experiment?
What surprised you the most in this experiment?
What is still confusing to you about the results of the experiment?
What might you do different if given the opportunity to run the experiment
again?
What recommendation would you give to future students as they conduct
their research?
I wonder if…
What really surprised me about this investigation was…
I used to think… but now I think…
I know that …but I’m still not sure of …
I’m confused about…
My thinking has changed from . . . to . . .
If I did this again, I would . . .

Sentence stems
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Reflection: Learning Experience (13)

Reflection: Learning Experience (13)

Teacher
reflection
Student
reflection
Sentence
stems

What type of general metacognitive reflection will you require your
students to think about?
What do you still wonder about?
What surprised you the most about the whole experience?
What is still confusing to you about the whole experience?
I wonder if…
What really surprised me was…
I used to think… but now I think…
I know that …but I’m still not sure of …
I’m confused about…
What I did best today was . . .
I was excited to learn that . . .
The reason I’m learning this is . . .
What I liked best about what I learned was . . .
A question I have about what I’m learning is . . .
Some ways I might be able to use what I’m learning are . . .
My thinking has changed from . . . to . . .
The best thing about my work is . . .
It is hard for me to learn . . .because . . .
If only . . ., it would be easier for me to learn . . .
I think what I’m learning is most like the color . . . because . . .
What I’m learning is most like . . . because . . .
What I learned how to do today is....
A question I have about what I’m learning is . . .
Some ways I might be able to use what I’m learning are . . .
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Reflection – Skills and Behaviors (14)

Reflection: – Skills and Behaviors (14)
Teacher
reflection
Student
reflection

Sentence stems

What type of metacognitive reflection will you require your students to
think about related to their skills and behaviors?
What skills do I need to refine
What are the effects of my behavior during the experiment?
What are the effects of my behavior during the collaborative discourse?
How did I approach this new learning situation in order to maximize my
own learning?
How well did I do…and how can I do even better?
What helped me learn…was…?
What did I do to be a good listener?
What did I do when I worked with others to better the group effort?
What can I do to work better with others?
What might others say about …(skill/behavior)?
When I get stuck… (Reading, writing, experiment, etc.)…I…
I adjusted for how I learn best by…
When I worked with others, what I did best was…I know this because…
The skills I need to refine are…
The effects of my behavior…
I approached the new learning….
I can do … when working with others.
I need to keep doing…. and stop doing…
Others might say…about my behavior….

Modified from (QPOE2, 2014), (Wiggins & McTighe, 2005), (MI-Map 5:6, 2014), (Science Notebook
Component Chart, 2008), & (50 Questions, 2014)
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Appendix E
Rubrics
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Marzano’s Master Rubric
Literacy
Focus





Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Focus Lesson

Claim

Curriculum

Open to Ideas with
Skepticism

Write

Guided Instruction

Evidence

Instruction

Critical Thinking

Discuss

Collaborative

Reason

Independent

Counter Example

Reflect-Feedback

Conclusion

Learning

Read





Assessment



Self Direction
Curiosity



Persistence

Purpose: When creating rubrics for any type of performance task, use Marzano’s
general language to help establish a basic rubric. By being consistent in the assessment
language, both the student and the teacher have a mutual understanding of expectations.
The consistency helps to stabilize grading over the time period of the course. Every
rubric may be adapted based on the context of the assessment however the general
language should remain in tact. Below is a direct quote from page 21 Figure 1.10 in
Marzano’s (2007) book, The Art and Science of Teaching: A Comprehensive Framework
for Effective Instruction.
A focus lesson should be done early in the learning cycle when discussing the
expectations for the performance assessment related to scientific argumentative writing.
Use the gradual release instructional process to help students learn the rubric as well as
how to write scientifically. This will take a great deal of time at the beginning of the
course. It should always be reviewed using various strategies every time a summative
writing assignment is given.
Score 4.0: In addition to Score 3.0 performance, in-depth inferences and applications that
go beyond what was taught.
Score 3.5: In addition to score 3.0 performance, partial success at inferences and
applications that go beyond what was taught.
Score 3.0: No major errors or omissions regarding any of the information and/or
processes (simple or complex) that were explicitly taught.
Score 2.5: No major errors or omissions regarding the simpler details and processes and
partial knowledge of the more complex ideas and processes.
Score 2.0: No major errors or omissions regarding the simpler details and processes but
major errors or missions regarding the more complex ideas and processes.
Score 1.5: Partial knowledge of the simpler details, and processes but major errors or
omissions regarding the more complex ideas and processes.
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Score 1.0: With help, a partial understanding of some of the simpler details and
processes and some of the more complex ideas and processes.
Score 0.5: With help, a partial understanding of some of the simpler details, and
processes but not the more complex ideas and processes.
Score 0: No understanding or skill demonstrated.
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Scientific Argument Writing Rubrics
Literacy
Focus





Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Focus Lesson

Claim

Curriculum

Open to Ideas with
Skepticism

Write

Guided Instruction

Evidence

Instruction

Critical Thinking

Discuss

Collaborative

Reason

Independent

Counter Example

Reflect-Feedback

Conclusion

Visible Learning

Read





Assessment



Self Direction
Curiosity



Persistence

Purpose: The following group of rubrics is included for consideration during lesson
planning. When considering the rubrics begin with the end in mind. Think about what
you want your students writing to look like and sound like. The clearer the rubric is
written, the better the writing your students will produce. Also, know that as you begin
to assess student’s performance levels, the feedback you provide will help push them to
the next level. You will find it beneficial to keep a log of the types of feedback you
provide to students. Use your feedback log to modify the rubric so that there is more
clarity prior to the feedback loop. The rubric will change over time so do not feel it must
be perfect the first time, first year, or even the second year. Let your students’
performance guide the development of your rubric.
Scientific Argument Writing Rubric Steps:
1. Select a rubric that makes the most sense to you. (Examples and hyperlinks are
included below).
2. Conduct a focus lesson about the rubric.
3. Provide multiple opportunities for students to formatively use the rubric.
4. Ask students for feedback on the rubric.
5. Assess your students’ writing.
6. Keep a teacher and student feedback log.
7. Modify the rubric over time based on student feedback and your feedback log.

134

Scientific Argumentative Writing Rubric Hyperlinks
Rubric that is used to evaluate
students’ final arguments in Science
by Vic Sampson

http://cursa.ihmc.us/rid=1H0VWPFSL1QR1WWLK83/NSTA_Argumentation%20in%20the%20C
lassroom.pdf

Clack Education Argumentative
Writing

http://www.clackesd.k12.or.us/cie/ccss/rubric/N
EWAgrumentativeWritingRubricGrade6-11.pdf

Smarter Balanced Assessment Rubric

http://www.livebinders.com/play/play?id=7748
46

Smarter Balanced Grade 11
Performance Task Nuclear Power:
Friend or Foe?

http://www.smarterbalanced.org/wordpress/wpcontent/uploads/2012/09/performancetasks/nuclear.pdf
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Sampson Rubric for Evaluating an Argument
Criteria

Level 0

Level 1

Level 2

Score

Sampson Rubric: Argument

1. Accuracy of
the claim

Completely
inaccurate

2. Quality of
the Evidence

A reason is given to
support the claim but
not one that is
empirical in nature

3.Sufficiency
of the
Evidence

Includes no genuine
evidence

4. Adequacy
of the
rationale

Makes a simple
assertion that the
evidence “proves it”
or it simply refers to
the evidence without
explaining it

Partially inaccurate

Completely accurate

Measurements or
observation are included
in the argument but this
information was not
analyzed and then
interpreted by the author

The author included
measurements or
observations in the
argument that were
analyzed and interpreted
and then used to support
the claim

Includes evidence but not
enough to support the
claim

Includes enough evidence
to support the entire claim

Explains why the evidence
was included or how the
evidence supports claim
but not both.

Explains why the evidence
was included or how the
evidence supports claim
but not both

Total: ______

Comments or suggestions for ways to improve:
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Criteria

Level 0

Level 1

Level 2

Score

Sampson Rubric: Counter-Argument

The author included
measurements or
observations in the
counterargument that were
analyzed and interpreted in
order to challenge the
validity of an alternative
claim

1. Quality of
the
Evidence

A reason is given to
challenge an
alternative claim but
not one that is
empirical in nature

Measurements or
observation are included
in the counter-argument
a way to challenge the
validity of alternative
claim but this
information was not
analyzed and interpreted

2.Sufficiency
of the
Evidence

Includes no genuine
evidence

Includes evidence but
not enough to invalidate
the alternative claim

Includes enough evidence
to refute the alternative
claim

3. Adequacy
of the
Reasoning

Makes a simple
assertion that the
evidence “proves that
it wrong” or it simply
refers to the evidence
without explaining it

Explains why the
evidence was included or
how the evidence
challenges the validity of
the alternative claim but
not both

Explains why the evidence
was included and how the
evidence challenges the
validity of the alternative
claim

Total: ______

Comments or suggestions for ways to improve:
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Criteria

Level 0

Level 1

Level 2

Score

Sampson Rubric: Writing

1. Sentence
Fluency

The writing is
difficult to follow or
to read aloud.
Sentences tend to be
incomplete,
rambling, or very
awkward

The writing tends to be
mechanical rather than
fluid. Occasional awkward
constructions may force the
reader to slow down or
reread

The writing has an easy
flow and rhythm.
Sentences are carefully
crafted, with strong and
varied structure

2. Word
Choice

The writing shows
an extremely limited
vocabulary, or is
filled with so many
misused words that
the meaning is
obscured

The author does not employ
a variety of words,
producing a sort of
"generic" argument filled
with familiar words and
phrases

The author employs a
broad range of words
which have been
carefully chosen and
thoughtfully placed for
impact

3.
Conventions

The author made
several grammatical,
spelling,
punctuation,
paragraphing, or
capitalization errors

The author made only one
or two grammatical,
spelling, punctuation,
paragraphing, or
capitalization errors

The author used
appropriate grammar,
spelling, punctuation,
paragraphing, and
capitalization

Total: ______

Comments or suggestions for ways to improve:

Modified from:
http://www.vicsampson.com/iWeb/Victor%20Sampson/Instruments%20and%20Material
s.html
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Base Rubric for Claim, Evidence, Reasoning, Rebuttal (CERR)
Taken from Supporting Grade 5-8 Students in Constructing Explanations in Science: The Claim, Evidence,
and Reasoning Framework for Talk and Writing by Katherine McNeill and Joseph Krajcik (2012)
SEPA Science Education Partnership Award: Project Neuron

Component
Claim
A statement or
conclusion that
answers the
question asked or
the problem posed.
Evidence
Scientific data that
supports the claim.
The data needs to
be appropriate and
sufficient to support
the claim.
Reasoning
A justification that
connects the
evidence to the
claim. It shows
why data counts as
evidence by using
appropriate and
sufficient scientific
principles.
Rebuttal
Recognizes and
describes
alternative
explanations, and
provides counter
evidence and
reasoning for why
the alternative
explanation is not
appropriate.

0
Does not make a claim, or
makes an inaccurate
claim.

Level
1
Makes an accurate but
incomplete claim.

2
Makes an accurate and
complete claim.

Does not provide
evidence, or only provides
inappropriate evidence
that does not support
claim.

Provides appropriate, but
insufficient evidence to
support claim. May
include some
inappropriate evidence.

Provides appropriate and
sufficient evidence to
support claim.

Does not provide
reasoning, or only
provides reasoning that
does not link evidence to
the claim.

Provides reasoning that
links the claim and
evidence. Repeats the
evidence and/or includes
some scientific
principles, but not
sufficient.

Provides reasoning that
links evidence to claim.
Includes appropriate and
sufficient scientific
principles.

Does not recognize that
an alternative explanation
exists and does not
provide a rebuttal or
makes an inaccurate
rebuttal.

Recognizes alternative
explanations and
provides appropriate but
insufficient counter
evidence and reasoning
in making a rebuttal.

Recognizes alternative
explanations and
provides appropriate and
sufficient counter
evidence and reasoning
when making rebuttals.
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Boston Public Schools: Science Common Writing Assignment Rubric (Revised 3/27/09)
Name:

Grade:

Prompt:

Date:

School:

Teacher(s):

4 - Advanced
Scientific Claim

Score: ____

Evidence and
Science Reasoning

Score: ____

Idea Development
and Organization

Score: ____

3 - Proficient

 Clear interesting
supportable
claim that leads
to a thoughtful
and
scientifically
accurate
statement
 The scientific
principle (or
what we know
in science) is
described and
used
appropriately
 Accurate and
sufficient
evidence for the
claim
 Explicit
reasoning that
links the
evidence to the
claim

 Clear
scientifically
accurate claim

 Rich topic/idea
development
 Careful and/or
subtle
organization
 Effective/rich
use of language

 Full idea
development
 Logical
organization
 Strong details
 Appropriate use
of language

 Accurate and
sufficient
evidence for the
claim
 Explicit
reasoning that
links the
evidence to the
claim

2 – Needs
Improvement
 Claim reveals
partial
understanding and
includes both
accurate and
inaccurate details
or omits important
details
 Some accurate
evidence for the
claim but it is not
sufficient to
support it OR the
evidence provided
contains both
accurate and
inaccurate
statements
 Partial reasoning
that links the
evidence to the
claim but the
reasoning is not
sufficient OR
contains both
appropriate
reasoning and
reasoning that
does not link the
evidence to the
claim
 Basic idea
development
and/or
organization
 Basic supporting
details
 Simplistic
language

1 - Warning
 No identifiable
statement of
claim

 No evidence or
the evidence is
inaccurate
 No reasoning
or the
reasoning is
inaccurate

 Limited idea
development,
organization,
and/or details
 Little or no
awareness of
audience
and/or task
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Conventions

Score: ____

TOTAL: ____

_____/16
= ________%

 Control of
 Errors do not
sentence
interfere with
structure,
communication
grammar and
and/or clarity
usage, and
 Few errors
mechanics
relative to
 Length and
length of
complexity of
response or
response
complexity of
provides
sentence
opportunity for
structure,
student to show
grammar and
control of
usage, and
standard English
mechanics
conventions
TEACHER COMMENTS:

 Errors interfere
somewhat with
communication
and/or clarity
 Too many errors
relative to the
length of the
response or
complexity of
sentence structure,
grammar and
mechanics

 Errors
seriously
interfere with
communication
AND clarity
 Little control
of sentence
structure,
grammar and
usage, and
mechanics
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HS ELA Master Argumentative Writing Rubric
Exceptional

Skilled

Proficient

Developing

Inadequate

Introduction

- Angle
provides a
provocative
introductory
hook in an
appropriate
context
-Provides
necessary and
relevant
background
information on
the topic
- The thesis
offers a precise
and compelling
argument that
thoughtfully
takes a
purposeful
position on an
issue.

- Angle
skillfully
establishes an
introductory
hook in an
appropriate
context
-Provides
necessary and
relevant
background
information on
the topic
- The thesis
offers a
reasonable
argument that
thoughtfully
takes a
purposeful
position on an
issue.

- Angle
adequately
establishes an
introductory
hook in an
appropriate
context
-Background
information
strays from the
topic
- The thesis
attempts to offer
an argument,
but it may not
be as clear and
articulated as it
could be.

- There is an
attempt at an
angle with
some context
-Background
information is
inappropriate
to the topic
- The thesis is
much too
vague.

- No angle is
evident.
- Background
information is
minimal.
- Thesis is
missing,
unclear, or
incomplete.

Support

- The response
provides
thorough and
convincing
support/
evidence for the
writer’s claim
that includes the
effective use of
sources, facts,
and details. The
response
achieves
substantial
depth that is
specific and
relevant.
- Use of
evidence from
sources is
smoothly
integrated,
comprehensive,
relevant, and
concrete.
- Effective use
of a variety of

- The response
provides
adequate
support/
evidence for
writer’s claim
that includes the
use of sources,
facts, and
details. The
response
achieves some
depth and
specificity but is
predominately
general
- Some
evidence from
sources is
integrated,
though citations
may be general
or imprecise.
- Adequate use
of some
elaborative
techniques

- The response
provides
uneven, cursory
support/
evidence for the
writer’s claim
that includes
partial or
uneven use of
sources, facts,
and details, and
achieves little
depth.
- Evidence from
sources is
weakly
integrated, and
citations, if
present, are
uneven.
- Weak or
uneven use of
elaborative
techniques
(explains
relevance /
significance,

- The response
provides
minimal
support/
evidence for
the writer’s
claim that
includes little
or no use of
sources, facts,
and details.
- Use of
evidence from
sources is
irrelevant
-Missing or
unacceptable
elaborative
techniques

- The
response
provides no
support/
evidence for
the writer’s
claim.
- Sources and
facts are not
used.
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elaborative
techniques
(explains
relevance/
significance,
extends
argument, and
ties back to
claim).

(explains
relevance/
significance,
extends
argument, and
ties back to
claim).

extends
argument, and
ties back to
claim).

Opposing
Claims

- Alternate or
opposing claims
are clearly and
insightfully
presented and
contrasted from
the claim.
- Flaws,
strengths, and
weaknesses of
opposing claims
are thoroughly
discussed.

- Alternate or
opposing claims
are clearly
presented and
contrasted from
the claim.
- Flaws,
strengths, and
weaknesses of
opposing claims
are discussed.

- Acknowledges
and
distinguishes
the claim(s)
from alternate
or opposing
claims.
- Flaws,
strengths, and
weaknesses of
opposing claims
are mentioned.

Acknowledges
alternate or
opposing
claims.
- Flaws,
strengths, and
weaknesses of
opposing
claims are
missing.

- Does not
acknowledge
opposing
claims.

Style

- Establishes
and maintains a
formal style and
controlled tone
while attending
consistently to
the norms,
vocabulary, and
conventions for
the appropriate
audience and
purpose.

- Establishes
and maintains a
formal style and
controlled tone
while attending
mostly to the
norms,
vocabulary, and
conventions for
the appropriate
audience and
purpose.

- Mostly
maintains a
formal style and
controlled tone.
- Inconsistently
attends to the
norms,
vocabulary, and
conventions for
the appropriate
audience and
purpose

- Establishes a
formal tone.
Style
frequently
lacks control.
- Does not
attend to the
norms,
vocabulary,
and
conventions
for the
appropriate
audience and
purpose.

- Does not
establish a
controlled or
formal tone.
Conversation
al tone and
norms are
heavily used.

Organization

- Body
paragraphs are
consistently and
purposefully
focused
(focused topic
sentence, strong
development,
and strong
concluding
sentences)
- Claim is
effective, clear,

- Body
paragraphs
show clear
structure
(focused topic
sentence, clear
development,
and appropriate
concluding
sentences).
- Claim is
clearly stated,
focused and

- Body
paragraphs are
generally
focused (topic
sentence,
adequate
development,
concluding
sentence).
- Claim is clear
and for the most
part maintained,
though some

- Body
paragraphs
show some
structure (topic
sentence
present, some
development,
and concluding
sentences), but
the paragraphs
do not flow
logically into
each other.

- Body
paragraphs
lack
structure, and
the
paragraphs do
not flow
logically from
one into the
next.
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sophisticated,
and strongly
maintained
- Logical
progression of
ideas from
beginning to
end
- Strong
connections
among ideas,
with some
syntactic variety

consistently
maintained.
- Ideas are
clearly
connected.

loosely related
material may be
present
- Minor flaws
and some ideas
may be loosely
connected.

Transitions

- Effective,
consistent use of
a variety of
transitional
strategies to link
the major
sections of the
text, create
cohesion, and
clarify the
relationships
between the
claims/countercl
aims, reasons,
and evidence.

- Consistent use
of transitional
strategies with
some variety to
link the major
sections of the
text, create
cohesion, and
clarify the
relationships
between the
claims/countercl
aims, reasons,
and evidence.

- Adequate use
of transitional
strategies with
some variety to
link the major
sections of the
text, create
cohesion, and
clarify the
relationships
between the
claims/
counterclaims,
reasons, and
evidence.

- Inconsistent
use of basic
transitional
strategies with
little variety.

- Few or no
transitional
strategies are
evident.

Closure

- Provides a
concluding
section that
follows and
supports the
argument
presented,
leaving the
reader with a
compelling
engagement
with the topic.

- Provides a
concluding
section that
follows and
supports the
argument
presented.

- Provides a
concluding
statement that
follows and
supports the
argument
presented.

- Provides a
concluding
section.

- Provides a
concluding
statement.
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Mid-Western Ninth Grade Science Rubric 2013-2014
4: Excellent

3: Good

2: Satisfactory

1: Needs
Improvement

0: No
evidence

Claim: A statement
or conclusion that
answers the original
question or
problem. A cause
and effect are
included.

Clear
scientifically
accurate claim
that is placed
correctly in the
context of the
prompt (Cause
and Effect
Clear),

Scientifically
accurate claim
(cause and
effect are clear),

The claim is
inaccurate.

No
Claim

Evidence
Scientific data or
information that
supports the claim.
The
Scientific
data/information
needs to be relevant
(appropriate),
accurate and
sufficient to support
the claim. (Cause
and Effect are
logically related)

Relevant
(appropriate),
accurate and
sufficient
evidence is
provided to
support the
claim
(Cause and
Effect are
clearly
explained in the
details)

Relevant
(appropriate),
accurate and
sufficient
evidence is
provided to
support the
claim
(Cause and
Effect There is
additional
evidence
included that is
not relevant to
the claim. cause
and effect are
clear)

Claim reveals
partial
understanding
and includes
both accurate
and inaccurate
details or omits
important details
(cause or effect
is not clear or is
lacking)
Accurate
evidence is
provided but it is
not sufficient to
support the
claim
OR
There is enough
evidence
provided, but it
contains both
accurate and
inaccurate
statements
Or evidence is
used
inaccurately

The evidence
is inaccurate.
(Cause or
effect is not
clear or is
lacking)
Or there is
little to no
significant
evidence

No
evidence
is
provided
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Reasoning:
A
justification
that links the
claim and
evidence
through the
logical
application of
cause and
effect. It
shows why
the data and
information
counts as
evidence by
using
relevant,
accurate and
sufficient
scientific
principles.

Explicit
reasoning is
provided that
links all evidence
to the claim. The
appropriate
scientific
principles (what
we know in
science) are
described and are
used to justify
why the
data/information
counts as
evidence. The
response
describes an
application of the
scientific
principles beyond
the context of the
prompt.
(Additional
research and
connections were
made to outside
sources)(Cause
and Effect are
clearly explained
in the details)
Rebuttal:
 An explicit
Recognizes
rebuttal of
and describes
alternative
alternative
explanations is
explanations
provided that
(using the
includes
same
relevant,
evidence or
accurate and
by providing
sufficient
counter
(counter)
evidence) and
evidence and
the reasoning
reasoning.
for why the
alternative
explanation is
not
appropriate.
FCA’s Conventions:
The overall
flow and
grammar of
the paper

Control of
sentence
structure,
grammar and
usage, and
mechanics

Explicit
reasoning is
provided that
links all relevant
evidence to the
claim.
OR
The appropriate
scientific
principles (what
we know in
science) are
described and
are used to
justify why the
data/information
counts as
evidence.

The reasoning
does not link all
relevant
evidence to the
claim
OR
The appropriate
scientific
principles are
not fully
described or
accurately used
to justify why
the
data/information
counts as
evidence.
OR
There are some
errors in the
reasoning

The reasoning
does not
support the
claim
OR
May be off
topic
OR
May be lacking
many
connections
OR
The reasoning
is flawed with
many errors

No
reasoning is
provided

There is a
rebuttal of
alternative
explanation that
includes
relevant,
accurate, and
sufficient
(counter
evidence and
reasoning
OR
There is
additional
(counter)
evidence
included that is
not relevant to
the claim.
Errors do not
interfere with
communication
and/or clarity
OR
Few errors

The alternative
explanations that
are provided are
relevant and
accurate but the
(counter)
evidence and
reasoning are
insufficient.

The alternative
explanation is
inaccurate or
off topic

Does not
recognize
that
alternative
explanations
exist

Errors interfere
somewhat with
communication
and/or clarity
OR
Too many errors

Errors
seriously
interfere with
communication
AND clarity
OR

No paper
submitted as
evidence of
writing
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Length and
complexity of
response
provides
opportunity for
student to show
control of
standard English
conventions
Signal words are
used and an
appropriate
concluding
statement ends
the paragraph

relative to length
of response or
complexity of
sentence
structure,
grammar and
usage, and
mechanics,
Signal words are
used
Concluding
statement is
appropriate

relative to the
length of the
response or
complexity of
sentence
structure,
grammar and
mechanics
OR
Lacking signal
words
OR
Lacking a
concluding
statement
OR
Not written as a
paragraph, lacks
paragraph
integrity and
complexity
(separate claim,
evidence,
reason)

Little control
of sentence
structure,
grammar and
usage, and
mechanics
OR
Not sufficient
writing to
evaluate
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Appendix F
Evidence Based Cross Cutting Analytical Literacy Strategies and Scientific Argument
Writing, Read, Write, Discuss
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Cross Walk
Skill Emphasis
1. Reading

Strategy Name
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Writing

Graphic
Organizers for
Argumentative
Writing

Discussion
Discourse

Color Coding and Example
Compare and Contrast
Delete, Substitute, Keep
Effective Summarizing for a Given Inquiry
Based Argument
Reciprocal Teaching
Constructing Meaning through Error
Analysis
KWL
QAR-Question Answer Relationships
ReQuest
Foldables and Examples
Cornell Notes and Text Rendering
Four Piece Puzzle
Say it! Mean it!
Get the Gist
Vocabulary Log, Self Assessment and
Examples
Prewriting
Climbing and Diving Argumentative
Writing and Self Reflection
Modeling your thinking and
Argumentative Writing
Least and Most: Reasons and Counter
Examples
Basic
Intermediate
Basic Paragraph
4 Squares
Introducing Counter Arguments
Advanced Compare and Contrast
Advanced Problem Solution
Paraphrase Passport
Sorting Data
Face To Face
Three Step Interview
Structured Conversation
Push Back Push Forward
Fish Bowl/Inside Outside Circle
RIP Research in Progress
Take a Stand
Tug of War
Discussion Stems

Skills used for Strategy
Read Write Discuss
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Reading Strategies
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Color Coding and Example
Compare and Contrast
Delete, Substitute, Keep
Effective Summarizing for a Given Inquiry Based Argument
Reciprocal Teaching
Constructing Meaning through Error Analysis
KWL
QAR-Question Answer Relationships
ReQuest
Foldables and Examples
Cornell Notes and Text Rendering
Four Piece Puzzle
Say it! Mean it!
Get the Gist
Vocabulary Log, Self-Assessment, and Examples
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Color Coding Claim, Evidence, Reason



Literacy
Focus

Gradual Release
Primary Use

Read

Focus Lesson

Write



Discuss



Argumentative
Thinking

Process: How to

Habit of Mind



Claim

Curriculum

Open to Ideas with
Skepticism

Guided Instruction



Evidence

Collaborative



Reason

Independent



Counter Example



Reflect-Feedback



Conclusion



Visible Learning



Instruction



Critical Thinking

Assessment



Self Direction
Curiosity



Persistence

Purpose: Close reading that requires critical thinking can be accomplished with this
strategy. Students should be given an “Anchor” text that represents a quality scientific
argument and an “Anchor” text that lacks quality. These arguments may be written by a
scientist, journalist, or a former student. Students will be engaged in the reading by
looking for essential components of a quality argument. When students analyze different
levels of quality arguments they begin to see how various authors use the same
components of scientific argumentative writing in a variety of ways. Students then can
draw their own conclusions about what makes a “good” piece of argumentative writing
versus a “bad” piece of argumentative writing.
This activity can be used at any point in the learning continuum. Students will be
engaged with the identification of the claim, evidence, reasoning, and counter examples.
This activity is similar to what students are required to do for ACT and model
SMARTER Balance assessment items. This simple strategy can include both written and
oral discourse to help make the learning collaborative during and/or after the activity.
Color Coding Claim, Evidence, Reason Steps
Provide and “Anchor” text with a high quality argument and a low quality argument for
students to analyze
Students will use a color-coding system such as:
 green for the claim
 yellow for evidence,
 red for reasons
 blue for the counter argument
Use a reflection strategy about what suggestions they might make to the author about the
quality of their argument. To make a connection to argumentative writing ask students to
make their own claim, use evidence from the reading, and reasons for their position.
Students may be given time to collaborate about the reflection questions as long as the
time is sufficient and students are engaged in the thinking. Modified from (Know, 2013,
p. 39).
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Example: Red, Yellow, Green Close Reading Strategy
For Forms of Energy
Goal: I can identify and define all of the forms of energy
Directions:
1. Read through Chapter 2: Forms of Energy, pages 21-26, attached in Schoology
2. Use a “close” reading strategy titled
, Yellow, G r e e n
3.
means
Read the entire document once and use a
highlight to
identify any words that you can not say or that you can not define even after you
have read the text. These
words are stopping you from understanding the
text.
4. Yellow means Caution: Read the entire document a second time and use a
Yellow highlight to identify any words you can say but are only somewhat sure
what they mean in the context of the text. These Yellow words are preventing
you from completely understanding the text.
5. G r e e n means G o : Read the entire document a third time and use a Green
highlight to identify any words you completely understand the meaning and that
you can say the word without hesitation.
6. Look up any Red words by using the two fingers, right click, and look up option.
Paste a definition that makes sense to you next to the red word. Do not highlight
these definitions, that way they stand out.
7. Discuss any yellow words with a tablemate who thinks they understand the word.
Complete the following table with appropriate definitions and “gimmicks” to help you
understand. See the example in the table to get you started.

Tech Tip: The reading document is a PDF so you will need to
click on the highlighting tool, which is 3 to the left of the
search bar
To insert text select the writing tool one to the left of the
search bar
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Compare and Contrast –________vs. ________
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to



Read

Focus Lesson



Write





Claim

Curriculum



Open to Ideas with
Skepticism

Guided Instruction



Evidence

Instruction



Critical Thinking

Discuss



Collaborative



Reason

Assessment



Self Direction



Independent

Counter Example

Reflect-Feedback

Curiosity

Visible Learning

Persistence

Conclusion





Habit of Mind

Purpose: When students are engaged in critical reading from a scientific source or
investigative results from student experimentation they are often called upon to compare
and contrast the significant elements of the reading or evidence. Often struggling readers
or struggling writers need help to think about how to compare different perspectives and
reasons. Have students use the sentence stems below in situations when they are first
learning how to compare and contrast, when students individually identify the need for
the support, or when you see through formative assessment that the student is struggling.
Compare and Contrast –________vs. ________Steps
1.
2.
3.
4.

Provide an “Anchor” text to read
Have students think about the similarities and differences as they read.
Provide students with the sentence stems below and allow sufficient time to complete
the sentence stems.
Allow for discourse with peers after students have had sufficient time to think
independently and to complete the sentence stem graphic organizer.
______________ and ______________ are similar because they both
_____________
______________ and ______________ are different because ___________________
_____________________ is _____________________, but
_____________________ is _____________________
_____________________ is _____________________, but
_____________________ is _____________________
_____________________ is _____________________, but
_____________________ is _____________________
(source reprinted from Marzano and Pickering, 2005, p.40)

(Marzano, 2007, p. 72)
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Strategy: Delete, Substitute ∧, Keep
Literacy
Focus



Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Focus Lesson

Claim

Curriculum

Open to Ideas with
Skepticism

Write

Guided Instruction

Evidence

Discuss

Collaborative

Read







Independent



Instruction



Critical Thinking

Reason

Assessment



Self Direction

Counter Example

Reflect-Feedback

Conclusion





Visible Learning

Curiosity



Persistence

Purpose: Use this strategy when you want students to read critically while students are
building background knowledge from a scientific piece of literature called an “Anchor”
text. This close reading strategy helps students identify the important reasons that are
used in a passage, and it also helps students to discern those things that are not as
important to understand about the topic. Good close reading strategies are done with
repetition. Students should be introduced to the steps of this reading strategy one at a
time. For example, only allow the students the opportunity to see step one of the
directions at first, then allow students to see the next step after the initial reading of the
passage. This requires the reader to go back through the text a second, and third time. If
you have students see all of the directions at once they typically will only read the
passage once, which is not as effective as reading a passage multiple times (Dean et al.,
2012, pp. 30-31).
Delete, Substitute ∧, KeepSteps
1. Students read the “Anchor” text.
2. Students reread the text and decide what to delete. (Trivial material, redundant
material). If the document is electronic students could highlight the text and select
the strike through function. If students have a hard copy they can choose a color such
as red to identify as “delete.”
3. Students reread the passage and decide what ideas or phrases or terms that they might
substitute “∧” reword either generally or more specifically. If the document is
electronic students could highlight the text with a color of choice. If students have a
“hard” copy they can choose a color such as yellow to identify as “reword.”
4. Once they decide which words to reword or rephrase have them do so right in the
document. If the document is electronic they can insert a “comment” or simply use
(parenthesis) to help identify the new thinking. If students are working on a hard
copy use sticky notes to capture the new thinking.
5. Students then reread and determine what exactly must remain to keep “” the
essence of the passage. Typically this is the topic sentence or can be used as a claim.
If the document is electronic students could highlight the text with a color of choice.
If students have a “hard” copy they can choose a color such as green to identify the
text that must remain.
Modified from (Dean et al., 2012, p. 30-31)
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Strategy: Effective Summarizing for A Given Inquiry Based Argument
Literacy
Focus



Read



Gradual Release
Primary Use



Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum

Open to Ideas with
Skepticism

Instruction

Critical Thinking

Focus Lesson



Claim

Write

Guided Instruction



Evidence

Discuss

Collaborative

Reason

Assessment

Independent

Counter Example

Reflect-Feedback

Conclusion

Visible Learning









Self Direction
Curiosity



Persistence

Purpose: Use this practice when you want students to complete a knowledge probe to
build understanding about a new topic or the skill argumentative writing. This close
reading strategy helps students identify the evidence, the reasons, and the conclusions
presented about an inquiry question. Good close reading strategies are done with
repetition. Students should be introduced to the steps of this reading strategy one at a
time. For example, only allow the students the opportunity to see step one of the
directions at first, then allow students to see the “next step” after the initial reading of the
text. This requires the reader to go back through the text a second, and third time. If you
have students see all of the directions at once, they typically will only read the text once,
which is not as effective as reading a text multiple times.
Strategy: Effective Summarizing for A Given Inquiry Based Argument Steps
1.
2.
3.
4.
5.
6.
7.

Read an “Anchor” text for a “Knowledge Probe.”
List what qualitative evidence or quantitative evidence is presented that leads to a
claim?
Identify from the text the basic statement or claim that is the focus of the argument.
Look for a cause and effect relationship this should help to identify the claim.
Identify the scientific examples, explanations, definitions or reasons that are
presented to support this claim. You may list these.
Identify the conclusions about the claim.
Identify the final position the author takes.
In your own words write a conclusion about the argument that includes the key points
claim, evidence, reasoning that you identified in the steps above.

(If you choose, students may use a highlighting technique to minimize the amount of
writing for steps 1-3. Have students choose a different color to represent each question
listed above and then identify the qualities listed in the question. This might speed up the
learning process; however, it is not the most effective method.)
Modified (Dean et al., 2012, p. 39)
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Reciprocal Teaching
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Instruction



Critical Thinking



Read



Focus Lesson



Claim



Write



Guided Instruction



Evidence



Discuss

Collaborative



Reason

Assessment



Self Direction

Independent



Counter Example

Reflect-Feedback



Curiosity



Conclusion

Visible Learning



Persistence





Purpose: Use this practice when you want students to build understanding about
argumentative writing from an “Anchor” text or to build background knowledge for a
“knowledge” probe. This close reading strategy is student led, and allows for discourse
between students. This practice can help students work on various habits of mind. The
discourse allows the teacher to hear understandings and misunderstandings. Feedback by
students and then feedback by the teacher allows for deeper understanding of the
“Anchor” text. The figure below shows various sentence stems that can be used in the
various parts of reciprocal teaching.
Strategy: Reciprocal Teaching Steps
1. Select a student leader or multiple student leaders (For a typical high school class, use
multiple leaders to help with the facilitation of the conversation. These leaders can be
self selected or selected by the teacher).
2. Define the parts of reciprocal teaching as summarizing, questioning, clarifying, and
predicting. (See the illustration below).
3. Students silently read the “Anchor” text, which may be research that is written either
by a student, scientist, or other resources.
a. Ideally, the text includes quantitative evidence similar to the ACT type examples,
or examples that are STEM related.
b. If students are 1:1 then allow them to use the “right click – quick look-up”
function for words that they cannot pronounce, or for which they do not
understand the definition.
4. The student leader summarizes the reading with support from other students (as
needed). The teacher’s role is to facilitate as little as possible, perhaps only asking
leading questions.
5. The student leader then asks questions about the reading, and the responding student
must answer to the best of their ability referencing the location of the information
from the text.
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6. Next, the student leader asks for clarification about anything that is confusing to
them. Such prompts that the student leader might use would be “Can anyone explain
this…? Or “I’m still confused about…” Students are encouraged to reference the text
by locating the information from the text and then read aloud the confusing part. (As
students become more familiar with this strategy encourage them to use various types
of QAR questions).
7. Last, the students are asked to predict what connections they may be making based on
their current learning (content students have already covered/prior knowledge) and
their future learning.
Modified from (Dean et al., 2012, p. 42)
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•The main idea is.....
•The key points are...
•If I put the ideas together,
• I now understand that...
•The most imporant thing I
learned or read is...
•“This concept relates to
......concept

•I think this might be a
reasonable answer to the
problem....
•I think the data might
look like .....after ....
•My prediction was
supported by
....evidence...accurate
•I believe that ____ will
occur if the intended
change is applied....
•My prediction was not
supported by
...evidence...accurate
Prediction

Summary

Clarification

Question

•This is confusing to me...
•I need to reread, slow
down, look at, break the
word ___ apart...
•When I began reading
this, I thought ....but now I
know...
• This didn't make sense to
me until I....

Modified from (Fisher et al., 2004, pp. 156, 162, 165)

•What?
•Who?
•When?
•Where?
•How?
•Why?
•I wonder if...?
•I'm curious about...

158
Constructing Meaning through Error Analysis


Read



Focus Lesson



Claim

Curriculum



Open to Ideas with
Skepticism



Write



Guided Instruction



Evidence

Instruction



Critical Thinking



Discuss

Collaborative



Reason

Assessment



Self Direction

Independent



Counter Example

Reflect-Feedback



Curiosity



Conclusion

Visible Learning



Persistence





Purpose: This strategy can be used at various times throughout the learning continuum
to teach students how to identify errors or misleading information in a scientific
argument; to identify the claim; and to infer from the text, the authors perspective. Use an
“Anchor” text that is either an argumentative text or a controversial science text. This
close reading strategy requires students to engage with the text multiple times. Do not
reveal the following prompts until after the initial reading. Then allow students an
opportunity to see prompts for Analyzing Errors, Constructing Support, and Analyzing
Perspective.
Allow time in between each prompt to either have oral or written discourse. This strategy
requires the reader to go back through the text a second, and third time. If you have
students see all of the directions at once they typically will only read the passage once,
which is not as effective as reading a passage multiple times.
With struggling learners you may choose to model your thinking during the initial
instruction of this strategy. Allowing the learner to hear your thoughts about “what made
me say that is…” they can begin to mimic your thinking strategy. By posting the
thinking at the end of the strategy it becomes visible and allows students to reflect on
their learning. The reference to the post makes another frame for students to make
connections to.
Constructing Meaning through Error Analysis Steps
1. Have students read an “Anchor” text that has opposing viewpoints.
2. Provide time for students to think independently and then collaboratively about the
following:
Analyzing Errors:
 What are the errors in reasoning in this text?
 How is the information misleading? Consider the source…what is the intention
of the author?
 How could it be corrected or improved?
Constructing Support:
 What is the author’s claim?

159



What might be an argument that would support the author’s claim?
What are some of the limitations of this argument or the assumptions under laying
it?

Analyzing Perspectives:
 Why would someone consider the original text to be a good scientific argument?
(Or bad? or neutral?)
 What do you believe is the reasoning behind the author’s perspective?
 What is an alternative perspective (the counter argument, the other side of the
issue), and what is the reasoning behind it?
Modified from (Dean et al., 2012, p. 116)
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K-W-L Building Background Knowledge or Knowledge Probe
Literacy
Focus

Gradual Release
Primary Use



Read

Focus Lesson



Write
Discuss



Argumentative
Thinking

Process: How to



Claim

Curriculum

Guided Instruction



Evidence

Instruction

Collaborative



Reason

Independent



Assessment

Counter Example

Reflect-Feedback

Conclusion

Visible Learning

Habit of Mind



Open to Ideas with
Skepticism
Critical Thinking



Self Direction
Curiosity



Persistence

Purpose: Use this introductory strategy when students need to generate background
knowledge about a topic before a logical, evidence-based argument can be made. Use
this to build context around the topic (rubric available).
Students can work on the habits of mind for self-direction by taking time to record what
they already know; openness to new ideas by asking quality questions for what they want
to know; and persistence by reading and researching new information for what they
learned. The rubric helps students identify and understand the expectations for this task.
Additional information may be added to the rubric such as: the quantity of the research
(clarity about key scientific terms may be included), conventions, and what is needed for
KWL.
K-W-L Building Background Knowledge or Knowledge Probe Steps
Review the rubric with students so that the expectations for the strategy are clear
Students should complete the graphic organizer
K – prior to reading
W – prior to reading
L – after the reading
Provide a discussion or Self-reflection opportunity at the conclusion of the KWL.
Modified from (Fisher, et al., 2004, p. 32)
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Exemplary

Exceeds
Standards =
3

Meets
Standards =
2

Below
Standards =
1

No
Evidence
=0

K-W-L
research is
complete with
at least 7
entries in
each column
Demonstrates
mastery in
his/her
writing skills,
with little or
no grammar
and
punctuation
errors.

K-W-L
research is
complete with
at least 5-6
entries in
each column
Demonstrates
above average
writing skills
in grammar
and
punctuation
(errors do not
interfere with
meaning).
Student
answers all of
the “W”
questions in
the “L”
column with
minor errors

K-W-L
research is
complete with
at least 1-2
entries in
each column
Demonstrates
less than
average
writing skills
in grammar
and
punctuation
(errors do
interfere with
meaning).
Student
answers less
than ½ of the
“W”
questions in
the “L”
column with
or without
errors

Student did
not make
an attempt
or did not
submit the
project
Student did
not make
an attempt
or did not
submit the
project

Student
answers all of
the “W”
questions in
the “L”
column
correctly

K-W-L
research is
complete with
at least 3-4
entries in
each column
Demonstrates
average
writing skills
in grammar
and
punctuation
(some errors
do interfere
with
meaning).
Student
answers 1/2 of
the “W”
questions in
the “L”
column with
or without
errors

KWL
=4
Amount of
Research

Conventions

Questions/Answers

Modified from (Fisher, et al., 2004, p. 32)

Student did
not make
an attempt
or did not
submit the
project
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Question/Answer Relationships
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Instruction



Critical Thinking



Read



Focus Lesson



Claim



Write



Guided Instruction



Evidence



Discuss

Collaborative



Reason

Assessment



Self Direction

Independent



Counter Example

Reflect-Feedback



Curiosity



Conclusion

Visible Learning



Persistence





Purpose: This analytical literacy strategy is designed to help students build the desired
understandings and key knowledge for the unit or problem. This strategy helps to
develop all the habits of mind. The teacher should intentionally explain when each of the
habits is being utilized while using the strategy.
This strategy teaches students about questioning at different levels. Understanding the
types of questions and the relationship they have with the text is a fundamental skill.
Teaching students the types of questions shifts the responsibility of thinking to the
students. These literacy skills may be applied in any context. The figure below
illustrates the four types of text-based questions along with sentence stems to engage the
learner in the process.
 Right There
 Think and Search
 Author and You
 On your Own
This skill is designed to encourage students to “question” as they read. By teaching
questioning skills student’s curiosity is awakened. Students tend to ask low-level recall
questions, however, the cross cutting literacy goal is to move them beyond this level.
The desired level of questioning is synthesis or evaluation. By building students capacity
for understanding question types, they can shift their thinking to the higher level. A
helpful piece of advice is to use a focus lesson for “how to…” because secondary
students most likely will not be familiar with the strategy (especially in the science
classroom). This strategy will need to be repeated several times to move students closer
to the goal (Fisher et al., 2004, p. 73).
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Question/Answer Relationships Steps
Introduce the two large categories "In the Book" and "In My Head," by using the diagram
below. Define the four types of questions. Use a large chart or a visible source in the
classroom for future reference.
1. Assign a short “Anchor” reading text and list questions from both categories on the
board, projection device, or chart, or on a discussion board. Model your thinking
about where each type of question should be categorized.
2. Continue reading with the class. Ask students to categorize the questions by where
the answers could be found. Discuss the differences. Keep the categorized questions
and answers visible for future reference.
3. Break the students into small groups. Assign a reading passage. Each group will read
and design appropriate questions to be posed to the entire class.
4. A chart can be kept visible indicating the number of questions that fall into each
category. As time goes on, students will be encouraged to ask fewer "In the Book"
questions and more high-level "In My Head" questions.
Dos and Don'ts of QARs
1. Begin with both categories, introducing students to the “In The Book” and “In My
Head” strategies.
2. Wait until the students thoroughly understand the two sources—background
knowledge and text—before distinguishing between QARs within these two
categories.
3. Focus on the two sources separately (i.e., when ready to expand, select either “In The
Book” or “In My Head” and teach the two categories in that source).
4. Engage students in post reading discussions to help them relate information in the text
to their own experiences. (Collaborative groups or whole groups can be used)
5. Ask students to generate their own questions and to categorize each question as they
read narrative or expository texts.
1. Do not focus on the accuracy of the answer for “In The Book” questions; rather, place
emphasis on locating information using the text.
2. Do not expand the categories until students have a clear picture of the differences
between “In The Book” and “In My Head” questions. This could take several days or
weeks. (In a secondary setting take the time to allow students to identify these
question types. It is an investment of time for future investigation and other cognitive
tasks). (Adolescent Literacy, 2014)
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Right There: Use
the text directly to
think

Think and Search:
Linking and
thinking -use
various text
structures to link
parts of the text
together

Author and You:
Connecting your
experiences to the
text and the
authors intent

On My Own:
Extending your
thinking beyond
the text

• What is...?
• When is...?
• How many...?
• When did...?

• How did...?
• Why was...?
• What caused...?
• What were... ?
• Problem
is..solution..
• Compare and
contrast
• Cause and effect
• Summarize

• Would you...?
Do you agree
/disagee with...?
• What did you
think of...?
• How can you
tell... ?
• How do you
know... ?

Modified from (Fisher et al., 2004, p. 73) and (Teacher Vision, 2014)

On Your Own

• Where is...?

• For what
reason...?

Author and You

• Who is....?

Think and Search

Right there

QAR
• Do you know...?
• Have you ever...?
• Would you
ever...?
• Do you believe... ?
• How do you
know... ?
• How would you...
?
• Have you ever... ?
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ReQuest
Literacy
Focus



Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Instruction



Critical Thinking

Read



Focus Lesson



Claim

Write



Guided Instruction



Evidence

Collaborative



Reason

Assessment



Self Direction

Independent



Counter Example

Reflect-Feedback



Curiosity



Conclusion

Visible Learning



Persistence

Discuss





Purpose: If the intended learning requires the development of schema, knowledge
probe, or developing background knowledge use this strategy. This strategy has multiple
names such as ReQuest, Reciprocal Questioning, or Reciprocal Teaching. Regardless of
all the different names, it helps students to be close readers as they are learning about a
new standard, issue, problem, or cross cutting idea. Provide students with the reading
passage or have students find their own “Anchor” research that helps them understand the
learning target. If you provide the text, make sure it is rich with a claim, evidence,
reasoning, or counter examples. Another text could be selected to show the opposing
point of view on a topic. As you guide students through the focus lesson, refer students
back to Question/Answer Relationships to encourage deeper thinking. In the focus lesson
for this strategy be sure include all four types of questions (with a review of the strategy)
to allow for a deeper understanding of the text.
ReQuest Steps
1. Identify a portion of the text that is to be read silently by both the teacher and the
students.
2. Post the four types of QAR for the purpose of visible thinking and review the
strategy. (Figure below)
3. Have students think then either write or discuss questions about the text. Beginners
may need to be encouraged to write a question from each of the four types of QAR.
4. Next, students may ReQuest answers from the teacher or other students. The
teacher's text is closed. Students are encouraged to ask the teacher about what has
been read. The teacher makes every attempt to help students get answers to their
questions. Students may help the teacher if the answer is not correct, however, the
emphasis should be that students cite the location of the information from the text to
support the thinking process.
5. The roles then become reversed. The students close their books, and the teacher asks
the students information about the material.
6. This procedure continues until the students have enough information to predict
logically what is contained in the remainder of the selection.
7. The students then are assigned to complete the reading.
Modified from (Adolescent Literacy, 2014)
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Right There: Use
the text directly to
think

Think and Search:
Linking and
thinking -use
various text
structures to link
parts of the text
together

Author and You:
Connecting your
experiences to the
text and the
authors intent

On My Own:
Extending your
thinking beyond
the text
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Foldables
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Read

✔

Focus Lesson

✔

Claim

✔

Curriculum

✔

Open to Ideas with
Skepticism

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

Purpose: A foldable is an interactive way for students to respond to an “Anchor” text or
lecture. This technique is a very visible way to demonstrate the learning and to create a
log of the learning. A foldable is organized to help students arrange new background
learning into chunks of information that are connected to one another. An incentive to
complete the foldable and to make it comprehensive is to allow students to use it on
formative assessments. The more they interact with the foldable, the more likely they
will use it to study from for a summative assessment. A foldable that is comprehensive is
best for students because they can reference it throughout a unit or subunit. Some times
it is easiest to have students create the foldable but if you want to be sure that your
foldable is comprehensive create one in word. There are a few examples attached. The
following link is an awesome resource about how to make many types of foldables.
High School Economics Reading and Study Skills Foldables (even though it says
Economics it is easy to convert to science)
https://blogs.edutech.nodak.edu/badlandsreadingcouncil/files/2012/03/reading-and-studyskills-foldables.pdf
Foldable Examples
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Example of How to use “Anchor” Texts and Foldables
Purpose: To define six terms which are core to the understanding of motion. To be able
to explain the similarities and differences between the six terms related to motion. Use
specific resources and interactive quizzes to help answer the driving questions “What are
the similarities and differences between the terms?”
Directions:
1. Teacher demonstrates how to fold the papers (see sample)
2. Write your NAME on all three papers
a. Use the following resources to help you define the following terms and complete
the additional quizzes and “Check Your Understanding.”


http://www.mrbigler.com/moodle/mod/resource/view.php?id=3595 (animation
for distance/displacement)



http://physics.info/displacement/ (This has everything in it)



http://www.physicsclassroom.com/class/1dkin/u1l1b.cfm (Scalar and Vector)

b. Complete ”Check Your Understanding


http://www.physicsclassroom.com/class/1DKin/Lesson-1/Distance-andDisplacement (Distance and Displacement)



.http://www.physicsclassroom.com/class/1DKin/Lesson-1/Speed-and-Velocity
(Speed and Velocity)
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Example of Foldable:
Speed / Velocity / Acceleration

1. Fold a sheet of computer paper in half

2. Cut the top flap in half and label one Speed and the other Velocity

Speed

Velocity

3. On the inside:
 Under the Speed flap write: the definition of
speed, how speed is different from velocity
 Under the Velocity flap write:
o The definition of velocity
o How velocity is different from speed
 On the back flap write:
o How are speed and velocity similar
(include the formula)
 On the Back Cover Write:
o Acceleration
o The definition of acceleration
o The formula for acceleration
o How acceleration is related to speed and velocity

Acceleration

Speed

Similarities

Velocity
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Cornell Notes and Text Rendering
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum

✔

Open to Ideas with
Skepticism

✔

Read

✔

Focus Lesson

✔

Claim

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

Discuss

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

Reflect-Feedback

✔

Curiosity

✔

Conclusion

Visible Learning

✔

Persistence

✔

Purpose: When students are asked to take notes from an “Anchor” text they often do not
know what to identify as important. Cornell notes and the text rendering strategy allows
the learner to construct meaning, clarifying, and expanding, their thinking about an
“Anchor” text. It is best to model how to take Cornell notes or to show exemplars of
Cornell notes when students begin to learn this skill.
Below you will see a general graphic organizer for Cornell notes, the second graphic
organizer is one that is tailored for scientific thinking and it also incorporates text
rendering. The graphic organizer causes the learning to be visible and it is easy to
reference later when students are trying to synthesize their new background knowledge.
Text rendering causes the learner to pause and identify one word, one sentence, and one
paragraph about the reading. By organizing the information this way students can see the
connections to a scientific argument.
The rubric that follows helps students know what is to be expected at the end of the
individualized learning. This can be used for a single “Anchor” text or for use with
multiple “Anchor” texts. It is important to note that students should create a new “note”
template for each new source, that way when they need to cite the information they know
where the information came from. This practice also helps students realize that
“intellectual property” must be cited appropriately (King, 2010).
Cornell Notes and Text Rendering Steps
1. Students have been given a STEM problem or investigation to consider
2. The student generates questions that they are most curious about related to the
problem or investigation (modification the teacher provides the scaffolded questions.)
3. Students then read the “Anchor” text that they feel would answer the question (this
could be provided as a modification.)
4. Next, students enter the information into the Cornell Note Sheet. Students should be
encouraged to engage with the text each time they fill out a different part of the note
sheet. Such as when they are determining
 the one word topic
 the claim
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 the evidence
 the reasons
5. Students should use a different Cornell Note sheet for each new resource even if the
question remains the same.
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Citation

Target
Learning

Project
Title

Name

Cornell Notes with Text Rendering

What question are you trying to answer?

From the “Anchor” text record the title
and author
 From a website or link use the URL
(each new website must have a new
Cornell note template filled in even
if it is the same question)

Evidence

Claim
Main Idea

Topic

Record one word or a short phrase that is
most significant about the text

Record one sentence from the text that is
the “answer” to the question

Quantitative and Qualitative
Direct Quotes need “quotation” marks

Reason

Look for explanation about the evidence.
Direct Quotes need “quotation” marks

Summary
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One paragraph that paraphrases the main
idea, evidence, reasons.
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Cornell Notes with Text Rendering
Cornell
Notes
Number of
Cornell
notes related
to the
problem
Quality of
Work:
Question

E=0

D = 1.5

C =2.5

B= 3.5

A=4

Missing;
not
evident;

Less than 3
Cornell Notes

3 Cornell Notes

4 Cornell Notes

5 or more Cornell
Notes

Missing
not
evident

Questions are off
target or not
written as a
question

Questions are on topic
but they are not
leading to the answer
for the project

Questions are on topic and
can lead to an answer for the
project

Questions are on topic,
carefully crafted to
address the purpose of
the project

Citations

Missing
Not
evident

Most of the formats are
appropriate as outlined
in the Cornell Note
Template and maybe a
few errors are evident

Appropriate format as
outlined in the Cornell Note
template

APA format is used

Quality of
Work:
Evidence
(2X’s the
points)

Missing
Not
evident
Not
complete

Few of the
formats are
appropriate and
some errors are
evident as
outlined in the
Cornell Note
Template
Varying range of
completion
There is evidence
but it isn’t
sufficient or
appropriate or it
is incorrect
No obvious
direct quotes

Partially complete only
a few pieces of
evidence are
appropriate and a few
direct quotes are
obvious

Complete most of the
sufficient evidence is
recorded and most direct
quotes are obvious

Complete, done with
excellence, sufficient
evidence is recorded
and direct quotes are
obvious

Quality of
Work:
Reason
(2X’s the
points)

Missing
Not
evident
Not
complete

Varying range of
completion
There are
reasons but there
isn’t a sufficient
amount or they
are
inappropriate or
it they are
incorrect
No obvious
direct quotes

Partially complete only
a few reasons are
appropriate and a few
direct quotes are
obvious

Complete most of the reasons
are sufficient and appropriate
and most direct quotes are
obvious

Complete, done with
excellence, sufficient
and appropriate
reasons that go beyond
the scope of the project
and direct quotes are
obvious

Quality of
Summary
(2X’s the
points)

Missingo
Not o
evident
Not o
evident

Main idea missing o
Lacks clear claim,
evidence, reason
Lacks sufficient and o
relevant evidence
o
The ideas are illogical
No concluding
sentence

o
o
o

o
o

o

Main idea is unclearo
not specifically stated
in the writing
o
Used parts of claim,
evidence, reasoningo
Use some important
details but more
important details are
missing
o
The ideas are not o
always logical
The restated main
idea doesn’t differ
from the first
sentence or it is
missing

Clear main idea in the o
first sentence
Used Claim, Evidence, o
and Reasoning
Important details are o
included but some might
be missing (used at leasto
“X”)
Ideas are in logical order
Restated main idea
o
doesn’t differ from the
first sentence
o

Clear main idea in the
first sentence
Used Claim, Evidence,
and Reasoning
All important details
are included
Details are in a logical
order (used at least
“X” #)
Ideas are connected to
make the writing flow
Author restates the
main idea again as a
conclusion without
writing it the same as in
the first sentence
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Total Points
(24)

Name

176
Four Piece Puzzle
Literacy
Focus

Gradual Release
Primary Use

✔

Read

Focus Lesson

✔

Write

✔

Discuss

Argumentative
Thinking

Process: How to

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Instruction

✔

Critical Thinking

✔

Collaborative

✔

Reason

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Conclusion

✔

Visible Learning

✔

Habit of Mind

Curiosity

✔

Persistence

Purpose: When students are asked to read an “Anchor” text, it is often difficult to know
if they comprehend the learning targets. This strategy allows students to work
independently, then collaboratively, and then as a whole class to identify the learning
targets. By engaging the reader with the text and with others it causes the learner to use
multiple forms of input, thus creating an opportunity for deeper understanding.
Four Piece Puzzle Steps
1. Review the process with students so they are aware that their thinking will be made
visible to the whole class.
2. Group four students together
3. Provide an “Anchor” text that can be divided into four pieces.
4. Provide a blank note sheet for students.
a. Have them fold the paper in half “hot dog” style, and then unfold the paper.
b. Next, have students fold the paper in half “hamburger” style and then have
them open it up.
c. Each square should be numbered with a 1, 2, 3, and 4. This provides the four
pieces to the puzzle.
d. A modification could be to provide a thinking prompt/question for each piece
of the puzzle.
5. Students then are given sufficient time to read the “Anchor” text and take notes on
part 1, part 2, part 3, and part 4.
6. Once sufficient time has passed have the students carefully tear the four pieces apart.
7. Collect all part 1’s into a pile; repeat for all the other parts.
8. Reorganize students into expert groups, which represents the four pieces of the
puzzle.
9. The expert groups will read all of the notes submitted from the class and will
synthesis the notes. Students should be looking for common themes, common pieces
of evidence, common reasons, common counter arguments etc. This is designed to
clarify each piece of the puzzle.
10. To make the thinking visible have each expert group record the findings on butcherblock paper, white board, or other large-scale permanent record.
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11. A spokes person per group can report out the findings. Meanwhile, other students are
recording the synthesized notes for their individualized learning.
12. A reflection strategy should follow up the four- piece puzzle to make the learning
more personal.
Modified from (George, 2010)
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Say it! Mean it!
Literacy
Focus

Gradual Release
Primary Use

✔

Read

Focus Lesson

✔

Write
Discuss
✔

Argumentative
Thinking

Process: How to

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Instruction

✔

Critical Thinking

Collaborative

✔

Reason

Assessment

✔

Self Direction

Independent

✔

Counter Example

Reflect-Feedback

Curiosity

✔

Conclusion

Visible Learning

Persistence

✔

✔

Habit of Mind

Purpose: This strategy causes the reader to pause and then consider what the author is
trying to say. As students read the “Anchor” text have them think about the text in two
ways. First, students need to cite the main ideas directly from the text. Have them
practice using quotation marks” when they do a direct citation. Second, students will try
to infer what the “Anchor” texts mean. This simple graphic organizer takes the thinking
from head and puts it on paper. Using a discussion strategy makes this a much more
meaningful comprehension strategy. Students can work on the habit of mind “open to
ideas with skepticism” as they are trying to understand the literal meaning and as they
infer what the author means.
Say it! Mean it! Steps
1. Have students read the “Anchor” text, lecture, video, or other resource
2. Have students reread the “Anchor” text to record the main ideas directly from the
text. Expect students to use direct quotes with quotation marks as they record
information under the heading “What does it say?”
3. Students should reread the text one last time to infer what the text means. Then the
students should record the meanings under the heading “What does it mean?”
4. If students are not sure what the text means have them use some sentence stems such
as:
a. I think…means…
b. I’m not sure what…means but my best guess is…
c. I don’t understand…but I think it means...
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What does it say? (Literal)

What does it mean? (Infer)
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Get the G.I.S.T?

✔

Literacy
Focus
Read

Gradual Release
Primary Use
Focus Lesson

✔

Argumentative
Thinking
Claim

✔

Write

Guided Instruction

✔

Evidence

Discuss

Collaborative

✔

Independent

✔

Process: How to

Habit of Mind

Curriculum
Instruction

✔

Open to Ideas with
Skepticism
Critical Thinking

Reason

Assessment

✔

Self Direction

✔

Counter Example

Reflect-Feedback

Curiosity

✔

Conclusion

Visible Learning

Persistence

✔

✔

Purpose: Analytical reading requires students to identify the main ideas supported with
evidence and reason. G.I.S.T. causes a student to interact between the schema and text.
When using this strategy be sure to model it the first time. Students who struggle with
reading comprehension may have partners assigned to them to assist in the process;
eventually releasing the struggling reader to complete the task independently. This
strategy really is designed to work on the self-direction habit of mind and critical
thinking. By using a discussion strategy at the end of G.I.S.T students can modify their
thinking and then reflect upon it at the end of the discussion.
Get the G.I.S.T? Steps
1. Assign an “Anchor” text to the student and allocate sufficient time for reading
2. Have students write a brief summary about the “Anchor” text in 20 words or less
in the template below (blue)
3. Next, have students fill in the following templates as they try to synthesize the
main ideas into smaller chunks - “Get the G.I.S.T?’
a. Summary in 15 words (red)
b. Summary in 10 words (green)
c. Summary in 5 words (purple)
4. Follow up with a discussing strategy and a reflection strategy.

G

20 Word Summary

I

15 Word Summary

S

10 Word Summary

T

5 Word Summary

Modified from (Strategy Cards, 2010)
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Vocabulary Log and Self-Assessment
Literacy
Focus

Gradual Release
Primary Use

✔

Read

Focus Lesson

✔

Claim

✔

Write

Guided Instruction

✔

Discuss

Collaborative
Independent

✔

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Curriculum

Open to Ideas with
Skepticism

Evidence

✔

Instruction

✔

Critical Thinking

✔

Reason

✔

Assessment

✔

Self Direction

✔

Counter Example

✔

Reflect-Feedback

✔

Conclusion

✔

Visible Learning

Curiosity
✔

Persistence

Purpose: Readers are often “stopped” by unfamiliar vocabulary. Sometimes it is
because they are unable to decode the word, unable to connect the word to prior
knowledge, or they are unable to pronounce the word. Regardless of the reason there is a
gap in their comprehension therefore, most students stop reading out of self-protection.
A student only has a certain amount of energy to use in the learning process and if there
is a gap they will stop because it requires too much energy to close the gap with out
support. By engaging the student in vocabulary strategies, bridges can be formed to close
the gap. Below is a template to follow when creating vocabulary logs. A wonderful
modification is to have students self assess what they know and don’t know at the
beginning of a unit. As time passes have students review and self assess again to help
them see that the gap is indeed closing. When self-assessing students can also work on
the habit of mind of persistence, especially if the gap isn’t closing. By helping a student
to develop an action plan to overcome the gap it creates a “pause” in the thinking, which
in turn encourages the student to keep going. Below are a template and an example of a
vocabulary log.
Vocabulary Log and Self Assessment Steps
1. Create a vocabulary chart similar to the template below
2. Then have students examine the list of words in the first column and begin a selfassessment
a. Put a “+” next to each word you know well, and give an accurate example
and definition of the word. Your definition and example must relate to the
unit of study.
b. Place a “” next to any words for which you can write only a definition or
an example, but not both.
c. Put a “-“ next to words that are new to you or you have no personal
connection to the word.
3. Then provide sufficient time for the students to complete the vocabulary log.
Providing appropriate “Anchor” text or resources is a great modification for at
risk students.
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Vocabulary Log with Self Assessment Template
Definition
Example
+ ✔ - Term

Gimmick or Visual
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Example: Vocabulary Log with Self Assessment

+ ✔ - Type of
Energy
(Vocabulary
term)
Mechanical
(Example)

What is it?
Define it

Give
several
examples

Gimmick and/or Visual

Mechanical
energy is the
energy that is
possessed by an
object due to its
motion or due
to its position.
Mechanical
energy can be
either kinetic
energy (energy
of motion) or
potential (stored
energy of
position).
Objects have
mechanical
energy if they
are in motion
and/or if they
are at some
position relative
to a zero
potential energy
position

(For
Mechanical = Motion (gimmick)
example, a
brick held A rollercoaster or Mr. Karel water
at a
skiing (visual)
vertical
position
above the
ground or
zero height
position).
A moving
car
possesses
mechanical
energy due
to its
motion
(kinetic
Tech tip: find your image and
energy). A paste it here. If it is too big or
moving
too small, right click on the
baseball
image and select size and
possesses
choose a different percent. For
mechanical example this picture is only
energy due 25%. If you want to add text,
to both its
right click on the image and
high speed select layout, I chose “in front
(kinetic
of text” and then you can drag
energy)
the image to where it works
and its
best for you!
vertical
position
above the
ground
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“It Says”- “I Say”- “And So”
Literac
y Focus

Gradual Release
Primary Use

✔

Read

Focus Lesson

✔

Write
Discuss
✔

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Claim

Curriculum

Open to Ideas with Skepticism

Guided Instruction

✔

Evidence

Collaborative

✔

Reason

Assessment

Independent

✔

Counter Example

Reflect-Feedback

✔

Conclusion

✔ Instruction

✔ Visible Learning

✔ Critical Thinking
✔ Self Direction
Curiosity
Persistence

Purpose: The “It Says”- “I Say”- “And So” strategy should be used to help students
make inferences, connections, and to synthesize information from an “Anchor” text back
to their own prior knowledge. Students entering the knowledge probe most likely will
have a learning gap. For that gap to be closed, the brain needs a way to make
connections from prior knowledge to the new knowledge. The graphic organizer below
is a way to help facilitate closing the gap. It also helps students make their thinking
visible for future reference. Engage students with the “Anchor” text before introducing
this strategy. This sequence of events will cause the student to go back to the text to find
the appropriate citations. The more opportunities a student has to engage with the text
the more evidence they should find. To help students complete the graphic organizer,
refer students back to the sentence frames for evidence and reasoning.
“It Says”-“I Say”-“And So” Steps
1. Students should read an “Anchor” text.
2. Students fill in the graphic organizer after rereading the text for the specific purpose
as outlined in each column of the graphic organizer.
3. Provide sentence stems as a modification or refer students back to the Self Reflection
and Sentence Frames for Evidence and Reasoning.
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Question
Write a question
(Teacher or
student created)

It Says
Find evidence
(qualitative or
quantitative) that
will help answer the
question

I Say
Think about what
you know about the
evidence. Use your
own personal
experiences to help
make these
connections

And So…
Combine the
evidence from the
“Anchor” text (It
says…) with what
you know ( I say…)
to provide a
reasonable
explanation. (And
so…) (Inference)
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Color Symbol Image
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Read

✔

Focus Lesson

✔

Claim

✔

Curriculum

✔

Open to Ideas with
Skepticism

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

Purpose: One way to help students make connections from “Anchor” text, vocabulary,
concepts, or results from an investigation, is to use the strategy Color-Symbol-Image
(CSI). This strategy causes the student to use his or her own personal life experiences to
make connections to the learning. The connections thus encourage the student to know
that the learning gap indeed is not as great as they think it might be. By sharing other
students connections through gallery walks or through discussion protocols, other
connections can be seen, heard, and then connected to. This strategy again takes the
learning and places it right in the learner’s world. Their life experiences will become
evident to you, which will help you as a teacher make further connections to the student
later on. Below is an example to share with high school students when you are teaching
this strategy to them for the first time.
Color Symbol Image Steps
Students should complete a knowledge probe from an “Anchor” text, direct instruction,
or investigation.
Directions for the student are:
1. All parts of the scientific argument: claim, evidence, reasoning, and if feasible,
counter arguments, should be used while thinking through your answer. The more
you use these attributes the more apt your brain is to remember the idea. Complete
the visible thinking organizer as you prepare to share your CSI.
2. Choose a color that best represents the essence of the idea (CER)
3. Choose a symbol that best represents the essence of the idea (CER)
4. Choose an image that best captures the essence of the idea (CER)
5. Choose a discussion strategy to share the students CSI’s. This can be as simple as
turn to your shoulder-to-shoulder partner or share with the class so that students can
simply hear what other connections student have made.
6. Choose a feedback strategy so that students can reflect about the learning practice of
CSI and the idea’s represented by the CSI
Modified from (Ritchhart et al., 2011)
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Example of CSI for Motion
Scalar

Silver

Silver is the color I use to think of Scalar. Scalar is a number and
silver coins have a value and value is a represented by a number.
Also people who run fast, which is a number like 100 m/ 10 S may
earn a silver medal, plus silver is the color on the “rainbow” fish scale
and scalar sounds like scale

I chose a scale to be my symbol. This symbol is a line that has
markings on it like a scale. Scalar is a way to give numbers or values
to motion. You have to use a tool like this to measure the length of an
object. This length is a number and therefore, it is scalar.

The image that comes to mind for scalar is Rainbow fish. The
rainbow fish had many scales which are numbers, just like scalar is a
number. “Rainbow Fish changed from selfish to generous, and found
that his sharing ways made him happier then being beautiful did.”
Generous people usually are happier and you can measure that by
giving a scalar number to it like…I have a happiness factor of 10 out
of 10.

Modified from (Ritchhart et al., 2011)
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The 4 Cs
Literacy
Focus

Gradual Release
Primary Use

✔

Read

✔

Focus Lesson

✔

Write

✔

Guided Instruction

✔

Discuss

✔

Collaborative

✔

Independent

✔

Argumentative
Thinking

Process: How to

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Instruction

✔

Critical Thinking

Reason

Assessment

✔

Self Direction

Counter Example

Reflect-Feedback

Curiosity

Visible Learning

Persistence

Evidence
✔

Conclusion

✔

✔

Habit of Mind

Purpose: This routine from Making Thinking Visible is designed to engage the reader in
conversation about more than just surface level information. “Anchor” texts that are rich
with data or reasoning should be used to expand students thinking around a problem or
question. The end result of this routine is to have deep conversation and to make
connections to prior knowledge. Making connections helps the learner see, hear, and
experience a small achievable gap in the learning.
The 4 C’s Steps
1. Provide sufficient time for students to engage in an “Anchor” text.
2. Allow students to see the 4 Cs prompts so that they know they must be thinking
about the prompts prior to reading. (Students can independently respond to all 4
C’s and then host a discussion or a discussion may take place in between each of
the 4 Cs.)
a. Cite your Connections: What connections do you draw between the text
and your own life or your other learning experiences? Be prepared to cite
directly from the text and then make a connection to the group.
b. Cite the Challenge: What “red flags:” ideas, positions, or assumptions do
you want to challenge or argue with in the text? Use the following
sentence stems to help i. I didn’t agree with…
ii. I feel I need more information before I can make a decision
about…
c. Cite Concepts: What key concepts or ideas do you think are important
and worth holding on to from the text? Use the following sentence stems
to help students and follow up with “what made you say that?” if
reasoning isn’t given
i. The key concepts is…
ii. The main theme is…
iii. The central idea is…
iv. If I had to explain this to someone who hasn’t read this I would
say…
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d. Changes: What changes in attitudes, thinking, or action are suggested by
the text, either for you or others? Use the following sentence stems to
help students.
i. I think the text suggests the following action… for the following
reasons
ii. I think the text suggest the following position be taken… for the
following reasons
iii. My thinking has changed from … to … now because…
iv. I would change the following behavior… because…
Modified from (Ritchhart et al., 2011, pp. 141-142)
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Writing Strategies
1. Prewriting
2. Climbing and Diving Argumentative Writing and Self Reflection
3. Modeling your thinking and Argumentative Writing
4. Least and Most: Reasons and Counter Examples
5. Graphic Organizers for Argumentative Writing
a. Basic
b. Intermediate
c. Basic Paragraph
d. 4 Squares
e. Introducing Counter Arguments
f. Advanced Compare and Contrast
g. Advanced Problem Solution
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Prewriting



Literacy
Focus

Gradual Release
Primary Use

Read

Focus Lesson

Write
Discuss



Argumentative
Thinking

Process: How to

Habit of Mind



Claim

Curriculum

Open to Ideas with
Skepticism

Guided Instruction



Evidence

Collaborative



Independent



Instruction



Critical Thinking

Reason

Assessment



Self Direction

Counter Example

Reflect-Feedback

Curiosity

Conclusion

Visible Learning

Persistence

Purpose: Use this strategy with beginning writers or when students are struggling to get
started with argumentative thinking and writing. Having them think about the task in this
way helps to expose any misunderstandings, and it helps them to seek clarity in the
writing task. The habits of mind that students must focus on are critical thinking and
self-direction.
Prewriting Steps
1. Provide this graphic organizer after students have had opportunities to read an
“Anchor” text, complete a knowledge probe, analyze data, or complete an
investigation related to a STEM problem
2. Review the prewriting guide with students
3. Provide sufficient time to complete the graphic organizer (modification pair
students together or split the room into three groups: independent, collaborative,
or direct instruction with teacher support)

Prewriting Guide
Use the following questions to guide your thinking. Record your thoughts below.
1. Why am I writing about this topic? (refer to your learning targets)
2. What do I really want to say about _____?
3. What graphic organizers can I use to guide the organization of my document?
4. What am I unclear about?
Modified from (Urquhart et al., 2005, p. 77)
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Climbing and Diving: Argumentative Writing Self Reflection



Literacy
Focus

Gradual Release
Primary Use

Read

Focus Lesson

Write



Discuss



Argumentative
Thinking

Process: How to

Habit of Mind



Claim

Curriculum

Open to Ideas with
Skepticism

Guided Instruction



Evidence

Collaborative



Reason

Independent



Counter Example



Conclusion





Instruction



Critical Thinking

Assessment



Self Direction

Reflect-Feedback
Visible Learning

Curiosity



Persistence

Purpose: This strategy may be used after students feel comfortable with the
argumentative writing process. Students should already have background knowledge, be
familiar with the evidence, and be in a position to draft a claim supported by evidence
and reason. (As students become more proficient in argumentative writing they may
begin to add counter examples). The climbing and diving strategy allows students to
think critically about their own writing. They must decide areas of strengths and
weakness based on the common rubric. This metacognition helps build analytical
literacy competencies. Providing the opportunity to delve the topic allows students to be
persistent, as they must continue to write for a focused period of time.

Climbing
Providing a full
argument

Diving
Focusing on a part of
the argument

193
Climbing and Diving: Argumentative Writing Self Reflection Steps
1. Climbing - Going for big ideas: Have students write a draft of their argument for
10 minutes (time can be adjusted as needed but be sure the amount of time is
sufficient for deep thinking).
2. At the end of the 10 minutes have the students reread their writing with the intent
to select one part that they will “dive” deeper in to in the next writing session. An
example for “diving” might be when a student selects a piece of evidence,
reasoning, or conclusion to dive deeper into for improvement.
3. Diving deeper for improvement: Students are given another round of time to
write about their self-selected area of improvement. Again, allocate sufficient
time. (10 minutes is the suggested amount of time).
4. At the conclusion of the writing session, have students identify parts of the
writing that they feel meet the learning criteria and have students identify parts of
the writing that they feel need additional improvement.
5. Allow students to color code their greatest area of need (red) and something that
they are proudest about (green). If time permits allow them to share the part of
the writing that is the greatest area of strength or that they are proudest about.
(An extension could include feedback from a peer. This could be done
anonymously by numbering the papers or students could find someone they trust
to give meaningful feedback. (See feedback strategies). Then students can make
improvements based on other students’ ideas in addition to their own review.)
Modified from (Urquhart et al., 2005, p. 88)
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Model Your Thinking and Argumentative Writing
Literacy
Focus



Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum

Open to Ideas with
Skepticism

Instruction

Critical Thinking
Self Direction

Focus Lesson



Claim

Write

Guided Instruction



Evidence

Discuss

Collaborative



Reason

Assessment

Independent



Counter Example

Reflect-Feedback



Curiosity



Conclusion

Visible Learning



Persistence

Read



Gradual Release
Primary Use





Purpose: This strategy is to be used when first introducing argumentative writing. The
teacher uses an “Anchor” text, along with evidence, to write an argument in front of
student, by using a think-aloud process. To engage students, provide time for them to
write their own draft prior to your modeling so that students have mental connections to
hook to. This process makes the thinking and learning visible. It also allows students to
see and hear your thoughts about what you are writing, why you are writing it, and what
questions you still might have as you are writing. This process can be done in a variety
of ways but you should include a form of color-coding for easy identification of the
claim, evidence, reasoning, and counter argument. This strategy also allows students to
see how you persist through a difficult task such as argumentative writing.
Model Your Thinking and Argumentative Writing Steps
1. Write your draft on one of the following
 Butcher block paper so that it can remain visible in the classroom
 White board
 Video projection through a device such as an ELMO
 Through a blog/Google doc/word that students can monitor (and project if
possible on a large screen) and save and store it for students to reference later.
2. Use color-coding to identify each part of the writing
 green for the claim
 yellow for evidence,
 red for reasons
 blue for the counter argument
3. Us a feedback strategy or a self-reflection strategy to help students decide what they
will do with the new information.
Modified from (Know, 2013, p. 41)
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Least and Most: Reasons and Counter Examples



Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Read

Focus Lesson

Claim

Curriculum

Open to Ideas with
Skepticism

Guided Instruction

Evidence

Write



Discuss





Instruction



Critical Thinking

Assessment



Self Direction

Collaborative



Reason

Independent



Counter Example



Reflect-Feedback

Curiosity

Conclusion



Visible Learning

Persistence

Purpose: The use of this strategy is to help students identify the most important and
least important evidence and reason. Potentially, it can help students identify the most
and least important counter arguments. This strategy should be used early in the learning
process of argumentative writing. It can also be used for struggling learners if the gap in
the learning is in the development of reasons and counter arguments.
Least and Most: Reasons and Counter Examples Steps
1. Draw attention to the diagram below to help make the thinking visible. Students
should have an opportunity to discuss what is significant about the diagram and
how they might use the significance to drive their thinking.
 Modification: For students who might struggle with writing you can give a
specific number of reasons that they must try to write. This will help stretch
their thinking beyond the initial one or two ideas.
2. After students have completed this graphic organizer below they should prioritize
the reasons from most compelling to least compelling.
3. Repeat the same prioritizing process for their counter argument.
4. Once students have had sufficient time to think and write, provide time for
discourse. Students may share with a team or partner what they identify as their
strength and weakness, or simply share their responses in the graphic organizer.
 Modification: Have students use a peer review to provide feedback during
which students ask for help from their partner or team. Use of a discussion
protocol would help to facilitate the conversations.
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1. Most and Least: Thinking Template
2. 1
3. Reasons that I find important based on the evidence. List at least …
4.
5. 2
8. 3

6. Reasons that others might find important based on the evidence. List at least…
7.
9. Reasons that others might disagree with me …

4

How might you challenge their reasons?

5

Write a counter claim or counter argument based on your thinking above. As
demonstrated by the diagram below, your claim should have more evidence and
reasoning than your counter claim.

Counter
Claim

Claim
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Graphic Organizers for Claim Evidence Reason, Problem/Solution, Compare/Contrast
Purpose: These are seven basic graphic organizers designed to help students outline a
basic argument. They are listed in order of complexity. Based on the level of proficiency
your students are demonstrating, select the appropriate graphic organizer. To use the
graphic organizer be sure that the students have a relevant “Anchor” text composed of
quantitative evidence, or students should have completed a scientific investigation that
results in data. You can also simply provide data about a concept that they have
background knowledge about inclusive of scientific terms and definitions. The question
prompt should be filled in for the student or made visible to the student prior to the use of
a graphic organizer. Prior to use of any of the graphic organizers, direct instruction about
claim, evidence, reasoning, and significant data should have taken place.

Claim
Scientific Reason

Evidence
least
supportive

Evidence
more
supportive

Term/Definitio
n/Connect

Evidence
most
Supportive

Evidence is the foundation of
quality argumentative thinking
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Basic Graphic Organizer for Claim, Evidence, Reasoning
Literacy
Focus



Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Read



Focus Lesson



Claim

Write



Guided Instruction



Evidence



Instruction



Critical Thinking

Discuss



Collaborative



Reason



Assessment



Self Direction



Independent

Counter Example
Conclusion

Reflect-Feedback



Visible Learning

Curiosity



Persistence

Purpose: Use this graphic organizer to help students identify the basic elements of a
scientific argument. Have students complete the organizer and then use a discourse
strategy, a feedback strategy, or a self-reflection strategy. Another option would be to
choose a Visible Thinking Core Routine, such as What Makes You Say That after
students have finished the graphic organizer. This can be done in a small group or whole
group setting (Ritchhart et al., 2011).
Basic Graphic Organizer for Claim, Evidence, Reasoning Steps
1. Review the definitions with students.
2. Identify the claim: A one-sentence conclusion that answers the original question
and shows the relationship between the cause and effect.
3. Identify the evidence: Scientific data that supports the claim. The data needs to
be appropriate and sufficient to support the claim. Arrange it from least
significance to greatest significance. Also, the evidence should show connection
to the cause and effect from the investigation or problem.
4. Identify the reasoning: A justification that links the claim and evidence. It shows
why the data counts as sufficient and appropriate. Scientific principles
(understanding or vocabulary) must be stated, defined, and then connected to the
evidence. Another connection that helps make the reasoning logical is to connect
the cause and effect in the reasoning.
5. Have students use some form of follow up such as:
a. What makes you say that?
b. What’s going on?
c. What do you see that makes you say that?
6. Record the thinking so that it is visible for students to refer to later.
Modified from (Visible Thinking, 2014)
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10. Question:
12. Evidence
13. Reason
11. Claim
Scientific
data
that
supports
16. A justification that links the
14. A one sentence conclusion
the claim. The data needs
claim and evidence. It
that answers the original
to be appropriate and
shows why the data counts
question
sufficient to support the
as sufficient and appropriate
claim. Arrange it from least scientific principles must be
significance to greatest
stated, defined, and then
significance
connected to the evidence.
Another connection that
helps make the reasoning
15.
logical is to connect the
cause and effect in the
reasoning.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
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Intermediate Graphic Organizer for Claim, Evidence, Reasoning
Literacy
Focus



Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Read



Focus Lesson



Claim

Write



Guided Instruction



Evidence



Instruction



Critical Thinking

Discuss



Collaborative



Reason



Assessment



Self Direction



Independent



Counter Example
Conclusion

Reflect-Feedback



Visible Learning

Curiosity



Persistence

Purpose: Use this graphic organizer to help students identify the basic elements of a
scientific argument. Have students complete the organizer and then use a discourse
strategy, a feedback strategy, or a self-reflection strategy. Another option would be to
choose a Visible Thinking Core Routine, such as What Makes You Say That after
students have finished the graphic organizer. This can be done in a small group or whole
group setting.
Intermediate Graphic Organizer for Claim, Evidence, Reasoning Steps
1. In the graphic organizer identify the question or problem.
2. Review the definitions with students. The new definition for this strategy is Counter
Argument.
3. Identify the counter argument: A claim supported with evidence and reasoning that an
opposing viewpoint might defend based on the same evidence or reason.
4. Have students use some form of follow up such as:
a. What makes you say that?
b. What’s going on?
c. What do you see that makes you say that?
5. Record the thinking so that it is visible for students to refer to later.
Modified from (Visible Thinking, 2014)
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Intermediate Graphic Organizer for Claim, Evidence, Reasoning Steps
34. Question:

35.

36.

37.
40. Claim

38. Definition
39. Student’s Thinking
A conclusion that answers the original
question and includes the cause and
effect that are identified in the problem.

41. Evidence

Scientific data that supports the claim.
The data needs to be appropriate and
sufficient to support the claim. The
evidence should also show the
connection between the cause and the
effect in the problem.

47. Reason

A justification that links the claim and 48.
evidence. It shows why the data counts49.
as sufficient and appropriate. Scientific 50.
principles must be stated, defined, and 51.
then connected to the evidence. Another
52.
connection that helps make the
reasoning logical is to connect the cause
and effect in the reasoning.

53. Counter
Argument

A claim supported with evidence and 54.
reasoning that an opposing viewpoint 55.
might take based on the same evidence 56.
or reason
57.






42.
43.
44.
45.
46.
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Building a Basic Claim, Evidence, and Reason Paragraph
Literacy
Focus



Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Read



Focus Lesson



Claim

Write



Guided Instruction



Evidence



Instruction



Critical Thinking

Discuss



Collaborative



Reason



Assessment



Self Direction



Independent

Counter Example
Conclusion

Reflect-Feedback



Visible Learning

Curiosity



Persistence

Purpose: Use this graphic organizer to help students compose a paragraph to
demonstrate their defense through argumentative thinking. This should be used early in
the learning cycle, especially when students try to put all of the parts together for a
paragraph for the first few times. Have students complete the organizer and then use a
discourse strategy, a feedback strategy, or a self-reflection strategy to build confidence in
the thinking. Direct instruction about transition words and sentence stems should precede
the use of this graphic organizer, or they should be used in conjunction with this graphic
organizer. Also, students should have direct instruction about the rubric that will be used
to assess the writing. This may take place prior to or after the writing. If you plan to use
the writing as a formative assessment, the rubric may follow the initial paragraph writing
and then have students use the rubric to check their thinking.
Building a Basic Claim, Evidence, and Reason Paragraph Steps
1. Write the question/prompt in the graphic organizer at the top.
2. Then, direct students to:
a. Review the Rubric and Self Reflection and Sentence Stem Documents
b. State the claim (be sure the cause and effect are part of the statement.)
c. List the three most significant pieces of evidence that support the claim.
Each piece of evidence should be associated with the cause and the effect.
d. List your first reason (include scientific term: name it, define it, connect
it).
e. Make a connection to the evidence that supports the reason (always look
for connections to the cause and effect).
f. Repeat at least three times to generate at least three reasons and three
sources of significant evidence (this amount of reasons may vary
depending on the data set and the complexity of the topic).
3. Write a paragraph that includes the claim, evidence, and reasons and use
transitional phrases to make it flow. (Use the link below to help find transitional
words and phrases.)
4. Write a conclusion and use sentence stems to help make it flow.
*For transitional

phrases and transitional words use the following website
https://docs.google.com/a/bcpsk12.net/document/d/1Rmp_tmkJqY8Qv0pObmR8JrCggJf
GRM3ZP1MYO9FK5IM/edit
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Building a Basic Claim, Evidence, and Reason Paragraph
Question/Prompt

Claim (answer)

Evidence least significant
Evidence more significant
Evidence most significant
Reason

Evidence

Reason

Evidence

Reason

Evidence

CER Paragraph

Conclusion
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Claim
Scientific Reason

Evidence
least
supportive

Evidence
more
supportive

Term/Definitio
n/Connect

Evidence
most
Supportive

Evidence is the foundation to quality
argumentative thinking
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Four Square
Literacy
Focus

Gradual Release
Primary Use

✔

Read

Focus Lesson

✔

Write
Discuss
✔

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Claim

Curriculum

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Collaborative

✔

Independent

✔

Instruction

✔

Critical Thinking

Reason

Assessment

✔

Self Direction

✔

Counter Example

Reflect-Feedback

Curiosity

✔

Conclusion

Visible Learning

Persistence

✔

Purpose: Four Square is a strategy that helps students outline an extended piece of
scientific argumentative writing. This strategy should be used late in the learning cycle,
as it will help students identify multiple parts of a STEM problem. Another purpose is to
help students organize parts of their writing in a logical way. The graphic organizer has
four corners and a center point that will be used to organize the writing. Refer students
back to the argumentative writing rubric to ensure they are using the appropriate
information and using the appropriate skills to complete each square correctly.
Four Square Steps
1. Students should have experienced an investigation or STEM problem and have
read multiple “Anchor” texts and multiple sets of data prior to using Four Square.
2. Provide the template to students.
3. In the middle box, students should write the claim for their scientific argument.
4. Students then should write one sufficient and appropriate piece of evidence in the
top left, top right, and bottom left corners of the template.
5. Modification:
a. Students may begin with an illustration in each of the boxes
b. Provide sentence stems and transitional words
c. Bullet lists instead of sentences
6. Next, students should elaborate about each detail by writing at least three
explanatory sentences in each of the three boxes. These squares should be
scientific reasons that support the use of the evidence.
7. The lower right box then is a place for the student to write a conclusion.
8. This strategy would be best matched with a collaborative discussion strategy to
see that students are indeed focusing on appropriate and sufficient evidence and
reasons.
Modified from (Strategy Cards, 2010)
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Four Square Template
Evidence 1 (follow up with 3 reasons)

Evidence 2 (follow up with 3 reasons)

Claim

Evidence 3 (follow up with 3 reasons)

Evidence 4 (follow up with 3 reasons)
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Introducing Counter Arguments
Literacy
Focus



Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Read



Focus Lesson



Claim

Write



Guided Instruction



Evidence



Instruction



Critical Thinking

Discuss



Collaborative



Reason



Assessment



Self Direction



Independent



Counter Example
Conclusion

Reflect-Feedback



Visible Learning

Curiosity



Persistence

Purpose: Use this graphic organizer to help students define the counter argument. This
should be used after students understand how to write a basic scientific argument: claim,
evidence, reason, and conclusion. Have students complete the organizer and then use a
discourse strategy, a feedback strategy, or a self-reflection strategy to build confidence in
the thinking. This organizer is similar to other organizers so students should find it more
automatic to use it at this time.
Introducing Counter Arguments Steps
1. Write the question/prompt in the graphic organizer at the top related to the
problem.
2. Then direct students to answer the following thinking prompts:
a. Review the Rubric and Self Reflection and Sentence Stem Documents
b. What is a potential counter argument? State it as a claim (be sure to
include the cause and the effect to help make connection back to the
investigation or the problem).
c. What significant evidence could be used to support the argument? Each
piece of evidence should be associated with the cause and the effect.
d. What might be a compelling reason to support this claim and evidence?
(Always look for connections to the cause and effect.)
e. Write a counter argument and use transitional phrases to help make it
flow.
*For transitional

phrases and transitional words use the following website
https://docs.google.com/a/bcpsk12.net/document/d/1Rmp_tmkJqY8Qv0pObmR8JrCggJf
GRM3ZP1MYO9FK5IM/edit
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Claim
Scientific Reason
Evidence
least
supportive

Evidence
more
supportive

Term/Defi
nition/Con
nect

Evidence
most
Supportive

Evidence is the foundation to quality
argumentative thinking
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Question/Prompt

Counter Argument Claim (answer)

Evidence least significant
Evidence more significant
Evidence most significant
Reason

Evidence

Reason

Evidence

Reason

Evidence

CER Paragraph
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Advanced Compare and Contrast Graphic Organizer
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Read



Focus Lesson



Claim



Write



Guided Instruction



Evidence



Instruction



Critical Thinking



Discuss



Collaborative



Reason



Assessment



Self Direction



Independent



Counter Example

Reflect-Feedback



Curiosity



Conclusion

Visible Learning



Persistence



Purpose: When students are given multiple sets of data, they will need to learn to
compare and contrast the data. In addition, they will need to determine the significance
of the data. When asked to draw a conclusion, students may also be asked to provide a
solution to a problem. All of these skills demand a high level of analysis, synthesis, and
evaluation. Students often need help to organize their thinking as they compare and
contrast the quantitative and qualitative evidence. These particular skills require direct
instruction through a focus lesson, guided instruction, and collaboration, which results in
independent work. If any part of this instructional path is skipped, students will get lost
in the complexity of the task. As a result of this complex task, students will need to be
open to new ideas with skepticism when analyzing two points of view or two issues.
This results in critical thinking. Since students find this type of thinking challenging,
they must work on persistence to finish the task. Students will use a graphic organizer to
record the relevant information. Once students have made a general comparison between
two ideas they can determine the claim for their scientific argument. Encourage students
to go back to other graphic organizers if necessary.
Advanced Compare and Contrast Graphic Organizer Steps
1. Fill in the question or problem statement in the graphic organizer below.
2. Use a discourse strategy such as “think, pair, and share.” (TPS) This strategy requires
students to first stop and think about the question. Students should be required to
have a visible representation of the thinking. Then have students share with a partner.
To hold students accountable to the discourse, explain to the students prior to the TPS
that they will be explaining what their partner said if called upon not what they are
thinking.
3. Direct students to:
a. Identify the two subjects to be compared and list them as A and B
b. Identify the reason why comparison is important for the two subjects
c. Identify at least 2 significant features about the first subject (A)
d. Identify at least 2 significant features about the second subject (B) (you may
choose to use a Venn diagram as illustrated below to help make the thinking
visible for students).
e. List as many significant similarities and differences as you can (for struggling
writers provide an adequate number, such as three, based on the known
subjects).
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4. Return to the pervious writing template to develop an argument.
5. Write a scientific argument that answers the question. (Refer to the Self-Reflection
and Sentence Stems for help.)

212
Advanced Compare and Contrast Graphic Organizer
Question or Problem Statement:

Description of subject A

Description of subject B

Subject A Features
Feature 1

Feature 2

Subject B Features
Feature 1

Feature 2
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Similarities/Differences between subject A and B

Claim:
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Advanced Problem Solution Graphic Organizer
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Read



Focus Lesson



Claim



Write



Guided Instruction



Evidence



Instruction



Critical Thinking



Discuss



Collaborative



Reason



Assessment



Self Direction



Independent



Counter Example

Reflect-Feedback



Curiosity



Conclusion

Visible Learning



Persistence



Purpose: When students are given a real world problem with multiple sets of data, they
will need to learn to compare and contrast the data, identify the pros and cons of a
solution, and then present their solution through a scientific argument. All of these
comparisons require a high level of analysis. To help students organize their thinking the
following graphic organizers can be used. Students will need to use the advanced
compare and contrast organizer. Encourage students to go back to other graphic
organizers if necessary. This particular skill requires direct instruction through a focus
lesson, guided instruction, and collaboration, which results in independent work. If any
part of this instructional path is skipped, students will get lost in the complexity of the
task. As a result of this complex task, students will need to be open to new ideas with
skepticism when analyzing two points of view or two issues. This results in critical
thinking. Since students find this type of thinking challenging they must work on
persistence to finish the task.
Advanced Problem Solution Graphic Organizer Steps
1. Write the problem in the graphic organizer at the top.
2. Provide sufficient time for each student to answer the prompts on the graphic
organizer this makes the thinking visible. (Use of sketches, drawings, and models
can be used.)
3. Have students use a discourse strategy. A recommended strategy would be a core
Visible Thinking routine called “What makes you say that?” It simply requires
students to share with a partner and then interview the person by asking them
“What makes you say that?” This causes the person to think about the evidence
and reasons related to the problem. Students can do the thinking together and
record it on a Google doc or a shared electronic document. If students are using
paper, white boards, butcher block, etc. they may record the thinking and then
take a picture with a camera at the end so both have an electronic copy for
reference later.
4. List pros and cons about your solution (think about the most significant ones and
use a Venn diagram to help keep the thinking visible).
5. List another alternative solution or point of view (one that you believe is second
best).
6. List pros and cons about your solution (think about the most significant ones).
7. Decide which solution you want to defend.
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8. Record “What makes you say that?” and then use another graphic organizer to
frame your argument.
What is the question or problem?
What is the “best solution”

List the pro’s

List the con’s

What is the alternative solution or point of view?

List the pros

List the cons

What is your decision?
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What makes you think that? (reasoning…)
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Discussion/Discourse Strategies
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Paraphrase Passport
Sorting Data
Face To Face
Three Step Interview
Structured Conversation
Push Back Push Forward
Fish Bowl/Inside Outside Circle
RIP Research in Progress
Take a Stand
Tug of War
Discussion Stems
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Paraphrase Passport

✔

✔

Literacy
Focus

Gradual Release
Primary Use

Read

Focus Lesson

Write

Guided Instruction

Discuss

Argumentative
Thinking

Process: How to

✔

Claim

Curriculum

✔

Evidence

✔

Habit of Mind
✔

Instruction

Open to Ideas with
Skepticism
Critical Thinking

✔

Collaborative

Reason

Assessment

✔

✔

Independent

Counter Example

Reflect-Feedback

Curiosity

Conclusion

Visible Learning

Persistence

Self Direction

Purpose: This simple strategy engages students in reading and restating learning
expectations from the reading and from their peers. This strategy is a low risk strategy
because students can cite information directly from an “Anchor” text, which allows at
risk students to experience success. Students must also listen carefully to their peers
because they must paraphrase what the person before them says before contributing their
own thoughts. It is best to model the paraphrase part of the strategy so that students can
see and hear the skills necessary to be successful.
Paraphrase Passport Steps
1. Provide an “Anchor” text or an investigation experience prior to using
paraphrase passport
2. Arrange students in groups of 3-4.
3. Provide a question (s) for discussion based on the “Anchor” text or
investigation.
4. One person answers a question and then the next person who speaks must first
paraphrase what the prior person has said. After a participant shares an idea,
another participant must correctly restate that idea in his/her own words
before contributing his/her own idea.
5. Everyone must contribute prior to making a second contribution.
Modified from (Collaboration Technique Cards, ISBOE, p. 38)
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Sorting Data
Literacy
Focus





Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Instruction



Critical Thinking

Read



Focus Lesson



Claim

Write



Guided Instruction



Evidence

Discuss



Collaborative



Reason

Assessment



Self Direction

Counter Example

Reflect-Feedback



Curiosity

Independent

Conclusion





Visible Learning

Persistence

Purpose: This strategy is designed to build a student’s capacity around data-evidence.
This strategy is important to help students discern which evidence is most significant and
which evidence is least significant for an argument. This strategy is a very simple way to
engage students with data and have them think about the claim; either given to them or
developed individually by the student, or collaboratively with a group of students.
Prior to the implementation of the strategy take the evidence and divide it on to index
cards. To goal is to have students find significant data on a card(s), moderately
significant data on another set of card(s), somewhat significant data on another card (s),
and least significant data on another card(s). During this activity you may even include
data that has no relevance at all. (ACT like to do this on their assessments.) This last set
should only be introduced if you are sure the students have a good understanding of
outliers or irrelevant data. This can be done through direct instruction but it must be done
prior to the lesson. Students should work collaboratively on this task to negotiate the
meaning of significant data and the connection to the claim. At the end of the task have
students report out their negotiated meaning. Then provide direct feedback with
reasoning about what data is considered significant and why.
Sorting Data Steps
1. Create decks of data cards (significant, medium, least, not) This might be time
intensive so you could have topic cards (significant,
medium, least, not) that you can reuse, then have
students write the various pieces of data on index
least
significant
more
cards, sticky notes, or scrap paper.
significant
2. Teams of students take a deck of data cards and sort
the data to determine most important data to the least
important, relevant versus irrelevant.
3. Then have students use the Visible Thinking Core
Routine: See, Think, Wonder as a discussion.
a. What do you see?
b. What do you think about that?
c. What does it make you wonder about the claim?

most
significant

Sorting Data: to support the
claim
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4. Students present their thinking to the class or to another group (modification
would include sentence stems, or “He said…She said…”
5. Last, provide direct instruction or a self-reflection strategy to draw conclusions
about significant data.

Modified from (Knight, Alves, Cannady, McNeill, & Pearson, 2014) and (Visible
Thinking, 2014)
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Face to Face – Leave Some Space

✔

✔

Literacy
Focus

Gradual Release
Primary Use

Read

Focus Lesson

Write
Discuss

Argumentative
Thinking

Process: How to

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Instruction

✔

Critical Thinking

✔

Collaborative

✔

Reason

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

✔

Visible Learning

Habit of Mind

Persistence

Purpose: This discussion strategy is a follow up to direct instruction or an interaction
with an “Anchor” text, or possibly used during the understanding of investigation
procedures. Students are to engage in a “telling” of their new background knowledge or
their understanding of a topic. By engaging students in this discussion students can
practice stating their claim, using evidence, qualitative and quantitative, and using the
desired understandings as part of their reasons. This is a way to practice the knowledge;
to say it, and to hear it, increases the ability of students to remember the information.
Students are asked to stand ”face to face and to leave some space.” This engages students
in a quiet conversation about their thinking and learning. There are many variations to
this strategy, one such variation would be support the students thinking by providing
sentence frames or allowing some students to use their notes or foldables. The goal of
this strategy is to be used to engage students with multiple partners around a specified
topic.
Face to Face – Leave Some Space
1. Students should have experienced an investigation or STEM problem or read an
“Anchor” text, and they should have had time individually to respond to thinking
prompts or questions.
2. Students should line up in two lines; face to face and leave some space.
3. One side of the line asks their face-to-face partner a specific question that should be
answered with a claim, evidence, and reasons. (To extend the
learning students may ask questions that they are curious about
but they must be related to the topic. A modification would be
to provide sentence stems to help encourage partners to
respond so that a deeper understanding can occur.)
4. Once sufficient time is provided for the response, one line
shifts one person to their right, with the end person moving to
the opposite end of the line.
5. Repeat the process for the designated time period.
6. Conclude the activity with a self-reflection time to think about what they knew before
the beginning of the activity and what they know now.
Modified from (Strategy Cards, 2010)
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Three Step Interview-“He said…she said”
Literacy
Focus

Gradual Release
Primary Use

✔

Read

Focus Lesson

✔

Write

✔

Discuss

✔

Argumentative
Thinking

Process: How to

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Instruction

✔

Critical Thinking

Collaborative

✔

Reason

Assessment

✔

Self Direction

Independent

✔

Counter Example

Reflect-Feedback

✔

Curiosity

Conclusion

✔

✔

Visible Learning

Habit of Mind

Persistence

Purpose: The three-step interview engages students in a discussion about a topic and
entails many of the habits of mind. Entering into the conversation with openness to
ideas, but thinking about opposing views, causes students to think critically. This activity
can be used when back ground reading or student research is pertinent to the content of
study. Engage students with an open-ended question based on the reading and evidence
provided as they engage in a discussion or often a discourse. It is beneficial to have
students think or write before entering into this discussion. Providing students with
graphic organizers to take notes during the reading can benefit students during the
discussion. Allow the at risk students to be interviewed first so they have a model to
follow. To increase the level of discourse be sure students have sufficient background
knowledge so that they have information to share or opinions to share. (Fisher et al.,
2004)
Three Step Interview-“He said…she said” Steps
1. Provide an “Anchor” text, investigative experience, or a video prior to the 3-step
interview.
2. Provide students with thinking prompts, questions that require a position to be taken,
or require students to use any combination of claim, evidence, reasoning, counter
argument, or conclusion. (This may be done prior to the step one; however, close
reading strategies suggest creating a sequence where students must go back to the
text to find information. Also, to extend the learning have students create the
thinking prompts/questions.)
3. Allow time to review the “Anchor” text, investigative experience, and video.
4. Assign students a letter (A, B, C, D).
5. Partner A interviews partner B, Partner C interviews partner D. (An alternative is to
give students a choice of their favorite season: fall, winter, spring, summer, at the
beginning of the session. Be sure that all seasons are equally represented, then
match the seasons as you see fit.)
6. Allow students time to record a summary of their partner’s position to allow them
reference points for when they must say, “He said…she said…!” Allow them to see
the sentence frames below as a modification.
7. Then reverse roles so that Partner B interviews Partner A and Partner D interviews
Partner C.
8. Allow students time to record a summary of their partner’s position to allow them
reference points for when they must say, “He said…she said…!”
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9. Now have Partner A re-tell what he/she learned in the previous interview by saying,
“He said…or she said!” to Partner C. Meanwhile, Partner B and Partner D are doing
the same. (Extension: Instead of re-telling students may be encouraged to compare
and contrast what they heard.)
10. Choose a reflection or feedback protocol to drive the thinking to a deeper level.
The following sentence stems are helpful to keep the discussion focused with out
evaluation of the position.
 My partner said ____ and ____.
 We discussed ____.
 We both agreed that ____, but we thought that ____.
 I like ____'s idea because ____.
 I prefer ____'s idea because ____.
 I agree that ____ because ____.
 I agree with you up to a point, but I think that ____
 I heard ____ say that ____.
 After listening to what ____ said, I think that ____.
 Can you explain ____ again?
 One important thing about ____ is ____.
 What I learned from my partner group was ____.
 Let me clarify what I heard you say; you said that ____.
 My partner said that ____.
 I agree with you up to a point, but I think that _____.
 My partner and I both thought that ____.

We both agreed that ____, but we thought that ____.

Partner A

Partner C

Partner B

Partner D

Modified from (Fisher, Frey, & Rothenberg, 2014) & (Strategy Cards, 2010)
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Head to Head Write Off
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

✔

Read

Focus Lesson

✔

Write

✔

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

Reflect-Feedback

✔

Curiosity

✔

Conclusion

Visible Learning

✔

Persistence

✔

✔

Habit of Mind

Purpose: After students have successfully understood the context of the question provide
an opportunity for the student to write “head to head.” This may include an “Anchor”
text to build background knowledge. This title implies a physical head to head seating
arrangement, but it can also be inferred that they must use their heads individually and
together to arrive at a common understanding. The process
includes all three literacy skills, but the main focus is writing and
discussion.
This activity involves a two person interactive written
collaboration that will transition into a verbal discussion with
one’s partner, followed by a classroom discussion in which
various arguments and supporting evidence are shared. The
anticipated outcome is more thoughtful, rigorous, and substantial
discussions.
Head to Head Write Off Steps
1. Students are divided into partner groups. Students must move the desks together in a
face-to-face arrangement (head to head).
2. Assign a topic and pose a question. (This should follow a knowledge probe, direct
instruction, research, or scientific investigation.)
3. Each student reflects on the question and responds to it in writing for 2 full minutes.
(Time is approximate.)
4. When time is finished, partners exchange papers, and they have the next 2 minutes to
read what their partner has written. They will then respond to it in writing by using a
claim, evidence, and reasoning. (Encourage the use of the writing rubric, self-reflection,
and sentence stems to engage evaluation of the writing.)
5. This process is repeated as many times as necessary to create a back and forth written
dialogue. (The teacher can set a time limit or number of times to respond.)
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6. Following the exchanges, the partners are given up to 5 minutes to talk about their
responses and clarify opinions. The teacher may want to remind students of appropriate
agreement, disagreement, and connecting stems. (See below)
7. The whole class can then have a discussion that is at first guided by the teacher. The
teacher may want to remind students of appropriate agreement, disagreement, and
connecting stems. (See the list below.)
A few examples of positive dialogue stems include:

















One thing ________ and I agreed on was______ because ________
One thing we disagreed on was_______ because________
I think it's _____ because _____.
I agree/disagree with my partner because _____.
We both think that _____ because _____.
I agree with ____ up to a point, but I think that _____.
I am willing to change my answer because _____.
I like ____'s idea because ____.
I prefer ____'s idea because ____.
I agree that ____ because ____.
I agree with you up to a point, but I think that ____.
One important thing about ____ is ____.
What I learned from ______ was ____.
Let me clarify what I wrote_______ when you said ____.
My partner said that ____.
My partner and I both thought that ____.

Modified from (Collaboration Technique Cards, ISBOE, p. 20) & (Fisher, Frey, &
Rothenberg, 2014)
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Structured Controversy
Literacy
Focus

Gradual Release
Primary Use

Read

Focus Lesson

Argumentative
Thinking

Process: How to

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Instruction

✔

Critical Thinking

✔

Habit of Mind

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Discuss

✔

Collaborative

✔

Reason

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

Reflect-Feedback

✔

Curiosity

✔

Conclusion

Visible Learning

✔

Persistence

✔

Purpose: Structured controversy is a mini debate strategy consisting of two student
teams within a group of four students. Once a trusting environment is created in your
classroom this strategy maybe used. Also, this strategy can be used once a student
already has written their argumentative writing piece. Or, it can be used with a
controversial topic, associated with both quantitative and qualitative evidence. The
purpose of this strategy is to give students opportunity to hear other points of views, other
uses of evidence, and other reasons around the same topic. Students that struggle often
are curious what others are thinking; therefore, engaging in the discussion/discourse
negotiated meaning can occur.
Structured Controversy Steps
1. Divide the class into groups of four.
Position
Position
a. Students will work with one
1
2
other student during the first part
of the structured conversation,
forming two sets of pairs within
the group of four students.
b. Each pair of students takes a different side of the issue presented by the
teacher. (Extension of this activity could be students determine the sides
of the issue to take.)
c. Student pairs can work outside of class or in class to prepare to defend
their side of the issue.
2. Next, student groups of four meet to have discourse about the topic, and each pair
takes a turn stating and arguing its position, while the other pair listens and takes
notes without interrupting. (See the graphic organizer below.)
a. The emphasis of the discourse should include a claim, evidence,
reasoning, counter argument, and a conclusion.
b. Student pairs must have a chance to listen, take notes, and argue their
position.
c. All four students collaborate in order to teach each other all sides of the
issue.
3. Student pairs must then change their original side and defend the other side of the
issue.
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a. The student group of four discusses and synthesizes all of the positions to
come up with a group report.
b. The report can be something turned in or a whole class discussion where
each group presents its findings. (A suggested whole group activity would
be a Fish Bowl.)
Modified from (Collaboration Technique Cards, ISBOE, p. 54)

Position
A

Team
member
1&2

Position
B

Group
position

Team
member
1&2
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Notes for Structured Conversation
Strengths Position A

Weakness Position A

Strengths Position B

Weakness Position B

Strengths

Weakness
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Push Back – Push Forward
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Read

Focus Lesson

✔

Write

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Conclusion

✔

Visible Learning

✔

Habit of Mind

Curiosity
✔

Persistence

Purpose: Strategies such as Push Back-Push Forward have many variations. This
example can be used to help students think deeper about the clarity of their drafted
reasons found in their scientific argument. Reasoning is one of the hardest parts for
students to write because it requires logic and it requires connection to the evidence and
claim. That is why students need “push back” on their thinking, so that they can be
“pushed forward” to modify their thinking and writing.
However, this strategy can be used to provide feedback (push back) through discussion
on claims, evidence, counter arguments or conclusions. By providing feedback visibly
the learner can reference the feedback at a later time. It may be beneficial to use
feedback sentence starters to help students stay focus on the skill and content and not just
the conventions of the writing. (See below).
Students can work on the several habits of mind when using this strategy. Be clear with
students which ones you feel are most important. Open to ideas with skepticism is
clearly one the author and the listener must work on. Along with that habit, critical
thinking, self direction, and persistence are clearly at work if students truly analyze each
others work and then use the feedback to get better.
Push Back – Push Forward Steps
1. Students enter the conversation with least three written reasons based on the given
question/problem.
2. Divide students into one of the following collaborative groups: partner, small
group, or whole class.
3. Then the student reads their three reasons aloud. The listener should use a graphic
organizer to record evidence for what they will share with the author. “Push
back” will be meaningful if the scientific argument rubric, self-assessment
questions, and sentence stems are used and appropriate feedback is given. (See
diagram below).
4. Have the audience give feedback about which of the reasons are
a. Best connected to the claim,
b. Best connected to the evidence,
c. Best connected by using scientific terms and definitions.
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5. Then provide sufficient time for students to return to their own personal work and
use the feedback to rewrite the reasoning, which should “push forward their
thinking.”
Modified from (Know, 2013, p. 37)

Strengths

Weakness

Evidence for Push Back-Push Forward
Weakness: Reason to Evidence
Strengths: Reasons to Evidence

Strengths: Reasons to Claim

Weakness: Reason to Claim

Strengths: Reasons to Terms/definitions

Weakness: Reason to Terms/definitions
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Self-Reflection Prompts for the listener:
 What do you think about what was said?
 How would you agree or disagree with this?
 Are there any other ways to think about the evidence and conclude with a
different reason?
 What might you add to make the reasoning stronger?
 How might you convince them that their strengths are…and their weaknesses
are…?
Modified from (Know, 2013, p. 37)
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Fish Bowl/Inside-Outside Circle
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

✔

Read

Focus Lesson

✔

Write

✔

Discuss

Habit of Mind

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Conclusion

✔

Visible Learning

Curiosity
✔

Persistence

Purpose: The fish bowl is a strategy, which can allow for deeper discussion about a
topic that requires a claim, evidence, reasoning, counter arguments, and conclusions.
This strategy may only be used after students have had sufficient time to experience the
learning targets, to think about the learning targets, and to write about the learning
targets. It is great strategy for post investigation discussions, especially if the
investigation is about a STEM problem. However, it works for other open-ended topics
as well. The end goal is to have a fluid conversation that allows students to make
connections with an “Anchor” text, a problem, or an investigation. This strategy also
provides an opportunity to work on all but the curiosity habits of mind.
Fish Bowl/Inside-Outside Circle Steps
1. Set up the room so that there are two concentric circles. On the inside will be a
group that will participate in the discussion, meanwhile the outer circle will be the
observers listening to the conversation.
2. Review the teacher rubric and the outside circle rubric with the students so that
the expectations are clear prior to the Fish Bowl Discussion (see below)
3. Divide the class into two groups. One group will be part of an inside circle having
a discussion and the other half will be taking notes
on group dynamics and the quality of the discussion.
(See the rubric attached below). The inside group
will be given a designated number of questions to
discuss or they should be given a particular topic to
discuss. At the midpoint in the class the groups will
switch roles. The instructor takes his/her place in the
outside circle and should not interfere unless
absolutely necessary.
a. To initiate the discussion, select students who have demonstrated
leadership skills or ask for volunteers. This type of discussion will
showcase your strong oral communicators and your best listeners.
b. Students inside the circle should be directed to:
i. State an idea, or
ii. Agree with a speaker and add supporting information, or
iii. Disagree with a speaker and offer refuting or counter arguments, or
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iv. Make a connection between contributions
c. Students outside the circle should be directed to take notes based on the
criteria below. At the half way point, the students in the outside circle will
have an opportunity to reflect back to the inside circle members evidence
about the criteria that they demonstrated during the discussion. (If
students have access to the Internet set up a discussion board so that they
can put their notes on the discussion board as evidence.)
i. Take notes about the discussion skills:
1. Did the inside group work together to make the discussion
flow?
2. Was there equitable airtime for each participant?
3. Did they encourage shy/quiet/reluctant people to speak?
4. Did they use new questions or insights to keep the
discussion flowing?
5. Did they challenge each other appropriately?
6. Did they push for clarification?
7. Did they make relevant contributions?
8. Was the topic answered well?
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Fish Bowl Discussion Rubric
Be prepared by having _____ completed. Use your claim, evidence, and reasoning
argument process to help you answer the question(s). Be ready to defend your answers
by highlighting exactly what you said or cited from the lab/”Anchor” text. I will do my
best to listen carefully, but sometimes I might miss a detail or two. It will be your
responsibility to challenge your grade if necessary with the evidence you used during the
discussion.
A= 10 points. Contribution was excellent. No hesitation, thoughtful, insightful, relaxed;
didn’t read the answer but spoke as part of a round table conversation. Went beyond the
extent of the original question. Used data from the experiment and/or articles. Showed
the supporting details as part of the answer. Supplied the listeners with logical, insightful
reasons based on personal inferences or scientific background knowledge.
B = 8.5 points. Contribution was above average. Slight hesitation, thoughtful, insightful,
relaxed but read some of the answer but spoke as part of a round table conversation. The
answer was correct, but may not have gone beyond the original question. Data was used
from the experiment/or articles. Some supporting details were shown, but not all of
them. Supplied the listeners with some logical, insightful reasons based on personal
inferences or scientific background knowledge.
C = 7.5 points. Contribution was average. Some hesitation; read most of the answer but
spoke as part of a round table conversation. The answer was mostly correct, but was only
focused on a minimal answer. Data was not used to support the answer. Supplied the
listeners with a few logical reasons based on personal inferences or scientific background
knowledge.
D = 6.5 points. Contribution was below average. Needs to be called upon to participate,
participated with hesitation, read the answer, which felt contrived. The answer had points
that were inaccurate or was not well thought through. No data was mentioned.
Additional questions had to be asked to get an answer. Reasons given were not thought
through, or not connected logically, or not given at all.
E = 5.5 points. No contribution today.
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Outside Circle
Student Fish
Bowl Rubric

A = Excellent
No hesitation,
thoughtful,
insightful went
beyond the extent of
the original
questions. Used
strong quan/qual
observations from
experiments and/or
articles. Used
strong connections
from obs. to
inferences.

B = Above Average
The answers were
correct but may
not have gone
beyond the original
question.
Qual/Quan data
was used from the
experiment/or
articles. Some
connections were
made between the
obs and inferences.

C = Average
The answer was
mostly correct
but was only
focused on a
minimal answer.
Data was not
used to support
the answer.
Inferences were
made without
connections.

D = Below
Average
Many errors or
lack of details,
lack of focus
Few observations
and few inferences
were made.
Lacked forward
thinking. No
reference to the
articles.

Did the discussion
group work together
throughout the entire
discussion?
Did they distribute “air
time” equitably?
(Everyone spoke equal
amounts of time)
Did they encourage shy
people to speak? (Susie,
what do you think?
Jonny, what are you
thinking?)
Did they introduce new
questions or insights
other than those asked
by the teacher?

Did they challenge each
other appropriately?
(Tackle issues, not
colleagues)
If results were different
did they argue the points
and not against the
person.
Did they help each other
clarify their
contributions? (When
you say…, help me to
understand…, I
understand this….but I
could use further
explanation…, etc.)
Did they make relevant
contributions? (Were
they on topic?)

Did the questions get
answered well? (Do you
feel you have correct
answers?)

Modified from (Collaboration Technique Cards, ISBOE, p. 17-18)

E = Didn’t
participate
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Research in Progress

✔

Literacy
Focus

Gradual Release
Primary Use

Read

Focus Lesson

Write
Discuss

Argumentative
Thinking

Process: How to

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Instruction

✔

Critical Thinking

✔

Collaborative

✔

Reason

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

✔

Habit of Mind

Purpose: This discourse strategy is designed to help students while they are in the midst
of an investigation. Students will either be a presenter or an analytical listener. At the
end of the reflective feedback, the presenter will have an opportunity to respond through
clarifying questions and a direct application of the feedback when they return to their
research in progress. Provide students with Student Self-Reflection prompt or sentence
stems to help them stay focused on the substance of a scientific argument.
Research in Progress Steps
1. Assign students to groups of 4-8 listeners. This will create small, intimate
groups for discussion and focused feedback. (You might need to set the
expectation for where each discussion will take place and reestablish group
norms for highly effective discussions.)
2. The presenter updates the small group on the progress of the research,
problems they are experiencing in the research, or areas that they would like
to improve.
3. The listeners will use the graphic organizer to make their analytical thinking
visible.
4. The listeners ask clarifying questions to help the presenter think clearer about
the issues they might be experiencing; the listeners provide feedback that
focuses on the strengths of the current research; the listeners provide feedback
about any areas they feel they might be able to help push the presenters
thinking.
5. The presenter uses a self-reflection or feedback strategy to establish the next
steps in the writing process.
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Sentence Stems for Research in Progress
Please clarify …
I hear ...as a strength of your research.
I am unclear about ...but I think if you consider…

Modified from (Help! 2013, pp. 45-46)
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Take a Stand

✔

Literacy
Focus

Gradual Release
Primary Use

Read

Focus Lesson

Write
Discuss

Argumentative
Thinking

Process: How to

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

Instruction

✔

Critical Thinking

✔

Collaborative

✔

Reason

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

✔

Habit of Mind

Purpose: This discourse strategy is designed to help students after they have concluded
an investigation. Students will either be a presenter or an analytical listener. At the end
of the reflective feedback the presenter will have an opportunity to defensively respond to
questions and challenges about the scientific argument and the conclusion they present.
Provide students with “Student Self Reflection” prompts or sentence stems to help them
stay focused on the substance of a scientific argument. This is also another opportunity
for students to use the scientific argument-writing rubric to help define strengths and
weaknesses of their peers thinking and writing.
Take a Stand Steps
1. Students have already completed an investigation or arrived at a conclusion for a
STEM problem. Students must have already finalized their scientific argument
writing.
2. The audience listens and carefully analyzes the findings. First they should record
their thinking in a strength and weakness graphic organizer. Encourage citing
evidence from the rubric and the presentation in the appropriate column.
3. The audience must ask clarifying questions; challenge the reasons and the use of
the evidence to support their claim. The audience should focus on “why”
questions to cause the presenter to “take a stand.”
4. When students begin to have discourse about their analysis, have them use
discussion stems such as the ones illustrated in the diagram. The presenter can
use the visible thinking prompt of “What makes you say that….” if no reason or
justification is given from the audience.
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Strengths

Weakness

Strengths

Modified from (Help! 2013, pp. 45-46)

Weakness
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Tug of War
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to
Curriculum



Open to Ideas with
Skepticism

Instruction



Critical Thinking

Assessment



Self Direction

Read



Focus Lesson



Claim



Write



Guided Instruction



Evidence



Discuss



Collaborative



Reason

Independent



Counter Example



Reflect-Feedback



Conclusion



Visible Learning



Habit of Mind

Curiosity



Persistence

Purpose: The Tug of War strategy works well as a whole class activity or a small group
activity after students have read an “Anchor” text, participated in an investigation, or
after students have completed a knowledge probe for a STEM problem. Students will
display their thinking above and below the Tug of War rope. The display of the tugs and
"What if's…?"on the rope helps to make students' thinking visible. Most importantly,
their ideas are displayed in a way that shows their interconnectedness. The collaborative
thinking process of the group as a whole is represented through the "action" of the tug of
war. This is a key point about making thinking visible: It shows the dynamic interaction
of people's thoughts in a context of a shared inquiry. Documenting thinking and making
it visible in the classroom can facilitate this interaction in order to make the inquiry richer
(Ritchhart et al., 2011).
Tug of War Steps
1. Refer students back to the complex issue that has at
least two positions one might argue for or against.
2. Draw or place a rope with the two ends representing
the opposing sides of the issue and ask students to think
about what side of the issue they would be on and why.
(Encourage students to think of other reasons or "tugs" for
both sides of the issue, and then have students add their
post-it notes to the rope.)
3. Students must write their justifications on post-it notes or white boards (any type
of large display). See the illustration below.
4. The teacher then must facilitate the strategy by asking students to generate "What
if's…?" questions, issues, factors or concerns that might need to be explored
further to resolve the issue.
5. Then write and post these “What if’s…?” above the rope.
6. Use the reflection prompts below to conclude the discussion.



What new ideas they have about the issue?
Do they still feel the same way about it?
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Have they made up minds or changed their minds?

Modified from (Visible Thinking, 2014)

What if’s

My claim & Reason

Counter Argument & Reason
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Discussion Stems
Literacy
Focus



Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum



Open to Ideas with
Skepticism

Instruction



Critical Thinking

Assessment



Self Direction

Read



Focus Lesson



Claim

Write



Guided Instruction



Evidence

Discuss



Collaborative



Reason

Independent



Counter Example



Reflect-Feedback



Curiosity



Conclusion



Visible Learning



Persistence



Purpose: The discussion prompts below are a way to scaffold discussions/discourse for
students. Often times, students are reluctant to speak because they do not know how to
get started. The prompts help the students organize their thinking so that what they know
can be said with more confidence and eventually, the prompts will be a skill that they will
be able to do. The following is a brief list that can be joined with other sentence starters
to assist students as they engage in conversations about their thinking.
Discussion Stems Steps
1. Conduct a lesson about the discussion stems below
2. Have students practice using a few discussion stems that that you have identified
3. Have students practice using a few discussion stems that they feel comfortable
with
4. Provide the list and keep it visible in class for ongoing discussions, discourse, or
conversations.
1. My partner said ____ and ____.
2. We discussed ____.
3. We both agreed that ____, but we thought that ____.
4. I like ____'s idea because ____.
5. I prefer ____'s idea because ____.
6. I agree that ____ because ____.
7. I agree with you up to a point, but I think that ____
8. I heard ____ say that ____.
9. After listening to what ____ said, I think that ____.
10. Can you explain ____ again?
11. One important thing about ____ is ____.
12. What I learned from my partner group was ____.
13. Let me clarify what I heard you say; you said that ____.
14. My partner said that ____.
15. I agree with you up to a point, but I think that _____.
16. My partner and I both thought that ____.
17. We both agreed that ____, but we thought that ____
18. One thing ________ and I agreed on was______ because ________
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19. One thing we disagreed on was_______ because________
20. I think it's _____ because _____.
21. I agree/disagree with my partner because _____.
22. We both think that _____ because _____.
23. I agree with ____ up to a point, but I think that _____.
24. I am willing to change my answer because _____.
25. I like ____'s idea because ____.
26. I prefer ____'s idea because ____.
27. I agree that ____ because ____.
28. I agree with you up to a point, but I think that ____.
29. One important thing about ____ is ____.
30. What I learned from ______ was ____.
31. Let me clarify what I wrote_______ when you said ____.
32. My partner said that ____.
33. My partner and I both thought that ____.
34. Modified from (Collaboration Technique Cards, ISBOE, p. 20) & (Fisher, Frey, &
Rothenberg, 2014) & (Strategy Cards, 2010)
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Appendix G
Feedback and Reflection
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Feedback
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Read

✔

Focus Lesson

✔

Claim

✔

Curriculum

✔

Open to Ideas with
Skepticism

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Curiosity

✔

Conclusion

✔

Visible Learning

✔

Persistence

Purpose: This strategy is designed for educators to have conversation about the
importance of feedback because feedback that is used to inform the teacher is the most
effective type of feedback. Hattie (2009) is quoted to say, “The mistake I was making
was seeing feedback as something teachers provided to students – they typically did not,
although they made claims that the did it all the time, and most of the feedback they did
provide was social and behavioral. It was only when I discovered that feedback was most
powerful when it is from the student to the teacher that I started to understand it better.
When teachers seek, or at least are open to feedback from students as to what students
know, what they understand, where they make errors, when they have misconceptions,
when they are not engage---the teaching and learning can by synchronized and powerful”
(p. 173). Therefore, changing the perspective about feedback helps to bring about the
intersection of visible teaching and visible learning.
Feedback Steps
1. Ask yourself some reflection questions prior to reading quotes and interpreting
the following information about feedback such as:
a. What is my current understanding and practice of feedback?
b. How effective is my feedback practice?
2. Read the following feedback excerpts (from a variety of sources).
3. Ask yourself some reflection questions such as:
a. How similar is my current understanding of feedback and my practice
level of feedback? Different?
b. How might I use the information to change my practice?
c. What do I already do well?
d. What do I do that I must stop doing?
e. What questions or misunderstandings do I have that are stopping me from
completely understanding and developing better feedback practices?
4. Engage in professional conversation about your reflections.
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The following excerpts are from Visible Learning and the Science of How We Learn by
John Hattie and Gregory Yates. Published by Routledge. 2014
“…we are motivated by perceivable and closable knowledge gaps but turned off by
knowledge chasms. The feedback you offer your students provides the tools they need to
be able to perceive the immediate path ahead, and so decide that it is really worth the
effort. Since effort is a limited commodity, it cannot be squandered on things doomed to
fail, or chasms too wide to bridge” (p. 70).











It is important to focus on how feedback is received rather than how it is given.
Feedback becomes powerful when it renders criteria for success in achieving
learning goals transparent to the learner.
Feedback becomes powerful when it cues a learner’s attention onto the task, and
effective task-related strategies, but away from self-focus.
Feedback needs to engage learners at, or just above, their current level of
functioning and modifications need to take place based on the feedback.
Feedback should challenge the learner to invest effort in setting challenging goals
The learning environment must be open to errors.
Peer feedback provides a valuable platform for elaborative discourse. Given
opportunities, students readily learn appropriate methods and rules by which,
respectful peer feedback can be harnessed.
Feedback cues teachers to deficiencies within their instructional management and
can lead to efforts to improve teaching practices.
Feedback engages students in self-assessment of their work, what they learn, and
how they learn.
Feedback includes the use of existing products or samples as models for student
products.
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Identified Effect Size For Feedback Related Strategies
Hattie says ‘effect sizes' are the best way of answering the question, What has the greatest
influence on student learning? An effect-size of 1.0 is typically associated with:
 Advancing learners' achievement by one year, or improving the rate of learning
by 50%.
 A correlation between some variable (e.g., amount of homework) and
achievement of approximately .50.
 An effect size of 1.0 is clearly enormous! (It is defined as an increase of one
standard deviation).
http://www.teacherstoolbox.co.uk/T_effect_sizes.html
Self-reported grades
Providing formative evaluation
Feedback
Self-verbalization and selfquestioning
Study skills
Worked examples
Goals
Peer tutoring
Self-concept

d = 1.28
d = .90
d = .73
d = .64

p. 43-44
p. 181
p. 173-178
p. 192-193

d = .59
d = .57
d = .56
d = .55
d = .43

p. 189-192
p. 172-173
p. 162-167
p. 186-187
p. 46-47

Chart modified from Visible Learning: A Synthesis of Over 800 Meta-Analysis Relating
to Achievement (Hattie, 2009)
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http://education.wm.edu/centers/sli/DLST/links/VTALL/pdf/Visible%20Assessing.pdf
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http://education.wm.edu/centers/sli/DLST/links/VTALL/pdf/Visible%20Assessing.pdf
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Feedback Prompts
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

✔

Read

Focus Lesson

✔

Claim

Curriculum

Open to Ideas with
Skepticism

✔

Write

Guided Instruction

✔

Evidence

Instruction

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Conclusion

✔

Visible Learning

✔

Assessment

✔

Self Direction
Curiosity

✔

Persistence

Purpose: Feedback is always important, especially when students are learning a new
concept, vocabulary, or skill. Identifying every students weaknesses and strengths in a
secondary setting can be time consuming, so by using these feedback prompts you can
quickly identify the greatest areas of needs, as well as the strengths of your students.
This information can help to differentiate instruction or to tailor instruction for students.
The best way to do this is to use the feedback is to establish the differentiated
instructional strategies for the follow up lesson, and then allow the learners to decide
what strategy they should choose to close their learning gap based on the feedback. It is
always amazing to see most students self-select the appropriate learning strategy once
they have considered their own gap and have realized the need for persistence to close the
gap in their understanding or the gap in their application of a skill.
Feedback Prompts Steps
1.
2.
3.
4.

Teach the lesson with evidence-based strategies.
Use a feedback prompt or formative assessment.
Collect the feedback and analyze the strengths and weaknesses.
Generate a follow up lesson with differentiated strategies that meet the needs of
the students.
5. Give students options to self select based on their own feedback.
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Circle, Square, Triangle
Something that is still
“circling” in my mind is

Something that “squares”
with my thinking

Something that has changed
since in my thinking or 3
points to remember
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Plus, Delta, Surprise

Positive things about my
learning today are…

Things I must change about
my thinking are…

Things that surprised me as
I was learning today are…
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Feedback Prompts
5-3-1
Who?
Individual

Share and Select

Report out

What
List 5 things that you can
remember about the
learning from today…
Tell your group 3 of the 5
things you can remember
about the learning
(everyone shares)
What is the most
significant/important thing
from todays learning? What
makes you say that?

List
Individual List (5 items)

Generate a Complete List

One Item
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I use to think ...but now I know...
I use to think

but now I know

Modified from (Ritchhart et al., 2011)
Opinion Plan
My Strengths are
My Opinion

My Teachers
Opinion

My greatest area of need is

My Strengths are
My greatest area of need is

My Plan

What will I do to get better?

I will have _______ hold me accountable

Modified from
http://education.wm.edu/centers/sli/DLST/links/VTALL/pdf/Visible%20Assessing.pdf
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Compass Points
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum

✔

Open to Ideas with
Skepticism

Instruction

✔

Critical Thinking

Assessment

✔

Self Direction

✔

Read

✔

Focus Lesson

✔

Claim

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Discuss

✔

Collaborative

✔

Reason

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

Curiosity

✔

Conclusion

✔

Visible Learning

Persistence

✔

Purpose: Compass Points is a routine from Making Thinking Visible. The use of this
routine would best fit once a STEM problem has been defined, and students have had
sufficient time to consider the problem, the potential investigation, and/or a set of data
that relates to the problem. The reason for using this routine is to have students think
about various ideas related to the problem along with things that they need to be skeptical
about. This routine causes the learner to use critical thinking skills and to express their
curiosities about the problem. The self-reflective nature of the routine provides students
independent feedback, peer feedback, and teacher feedback before any performance tasks
are required. By implementing the routine early in the learning cycle, misconceptions
can be exposed and challenged.
Compass Points Steps
1. Provide sufficient time for students to review the STEM problem. Use a reading
strategy to engage them in understanding the problem.
2. Provide a way to record the thinking on chart paper or if one to one use a shared
document or a blog space.
3. Engage students in thinking and responding to the following prompts. (if doing
this the first time be sure to model the lesson for them.)
a. E = Excited: What excites you about this idea or proposition? What’s the
upside?
b. W = Worrisome: What do you find worrisome about this idea or
proposition? What’s the downside?
c. N = Need to Know: What else do you need to know or find out about this
idea or proposition? What additional information would help you to
evaluate things?
d. S = Stance or Suggestion for Moving Forward: What is your current
stance or opinion on the idea or proposition? How might you move
forward in your evaluation of this idea or proposition?
4. Allow for whole group discussion about the major patterns and trends that are
appearing. Use the time to provide feedback that will help answer the
misconceptions and the worries.
Modified from (Ritchhart et al., 2011, pp. 93-100)
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Needs:


What else do you
need to know or find
out about this
problem?

E xcitements:





Worries:



What worries you
about this problem?
What’s the
downside?

What excites you
about this idea or
problem?
What’s the upside?
What might other
people be excited
about?

S tance? Steps?
Suggestions?
 What is your current
stance on the
problem?
 What should you do
next as you think
about the problem?
 What suggestions do
you have at this
point?
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Connect Extend Challenge
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum

✔

Open to Ideas with
Skepticism

Instruction

✔

Critical Thinking

Assessment

✔

Self Direction

✔

Read

✔

Focus Lesson

✔

Claim

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Discuss

✔

Collaborative

✔

Reason

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

Curiosity

✔

Conclusion

✔

Visible Learning

Persistence

✔

Purpose: Connect extend challenge is a routine from Making Thinking Visible. The use
of this routine would best fit once a STEM problem has been defined and students have
had sufficient time to consider the problem, complete an investigation, and/or considered
a set of data that relates to the problem. As stated on page 132, “the use of the routine
offers structure and space in which new thinking around a topic, an inspired by new
learning experiences, can be made visible” (Ritchhart et al., 2011). The reason for using
this routine is to have students make connections to their prior knowledge, how their
experiences have open their thoughts to new ideas, and how they still are grappling with
some of the ideas that are not connected yet either because of lack of knowledge, lack of
experience, or a misconception that keeps stopping them from expanding their
knowledge.
Connect Extend Challenge Steps
1. Provide sufficient time for students to review the STEM problem. Use a reading
strategy to engage them in understanding the problem.
2. Have students think independently about:
a. “Connect” prompt and then have the student record the information so
that others can see it
b. “Extend” prompt and then have the student record the information so that
others can see it
c. “Challenge” prompt and then have the student record the information so
that others can see it
3. Then use a discussion strategy to engage all students in the expression of their
Connect – Extend- Challenge
Modified from (Ritchhart et al., 2011)
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SOS – Self Other Self
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

✔

Read

Focus Lesson

✔

Write

✔

Discuss

Habit of Mind

✔

Claim

Curriculum

✔

Open to Ideas with
Skepticism

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Conclusion

✔

Visible Learning

Curiosity
✔

Persistence

Purpose: This strategy should be used after students have had sufficient time to
complete a performance assessment. This visible thinking strategy engages students in
independent self-reflection, collaborative reflection, and then self-reflection again based
on quantitative and qualitative feedback. A real SOS signal requires three dots, three
dashes and three dots again. By showing the analogy between SOS and this self
reflection strategy students can see that they should be able to give three pieces of
evidence, and three reasons as they are self reflecting about the feedback.
SOS Steps
1. Have the student’s use a completed assessment (formative or summative) to self
assess their progress based on a rubric or a set of expectations.
a. First have them complete the “S” part in the graphic organizer below by
using evidence and reasons about their current performance
b. Then have a peer or peers analyze the assessment based on the rubric or
set of expectations. The peers must provide evidence and reasoning in the
“O” about the level of performance that they see in the assessment
c. Last, the student reviews the peer’s analysis and self reflects about what
they will do as a result of the feedback.
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Ghost Writing
1. Set the expectation that this is silent activity because “Ghost” don’t talk.
2. Write a relevant reflection question on the board, butcher block, or on an interactive
Web 2.0 tool.
3. Start by providing a writing tool that is relevant to the mode of communication you
are using. Select 1 – 5 people to write their response. Then as the “spirit” moves have
other students continue to write their feedback on the board, butcher block, or web2.0
tool.
4. As a teacher you may interact with the writing by adding comments, questions,
feedback, highlighting, etc. to encourage the thinking to shift towards the learning
outcomes.
5. Record notes as a teacher for analysis (take a picture with a camera for quick access
later on, allow students to do the same!)

Self

Other

Self

Evidence and Reasons
1
2
3
Feedback with Evidence and Reasons
1
2
3
Based on the feedback, what will you change?
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Modified from (King, 2010)
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Data Based Self Reflection and Goal Setting
Literacy
Focus

Gradual Release
Primary Use

Argumentative
Thinking

Process: How to

Habit of Mind

Curriculum

Open to Ideas with
Skepticism

✔

Read

✔

Focus Lesson

✔

Claim

✔

Write

✔

Guided Instruction

✔

Evidence

✔

Instruction

✔

Critical Thinking

✔

Discuss

✔

Collaborative

✔

Reason

✔

Assessment

✔

Self Direction

✔

Independent

✔

Counter Example

✔

Reflect-Feedback

✔

Conclusion

✔

Visible Learning

Curiosity
✔

Persistence

Purpose: Finding success great and small empowers students to see gaps that are
closeable in their learning. Therefore, students should be asked to track their own
performance data (feedback) and then set achievable goals. When students are asked to
think about what they can do to continue the success and to close any noticeable gaps
they are more likely to persist. This also helps students to minimize the risks by setting
their own plan into place and it also provides them opportunities to strive for a small
achievable goal. For students who are performing at high levels of success, providing
them time to reflect about how they might “stretch” their own knowledge and skills helps
take them to the next level. When introducing this strategy, be sure to do a focus lesson
followed by guided instruction, collaboration, and then finally releasing the student to
independent work. Writing goals in science based on feedback evidence is a new skill
but a highly effective skill if implemented correctly.
Data Based Self Reflection and Goal Setting Steps
4.
5.
6.
7.

Provide a table or excel document (the excel document can have formulas pre
loaded to calculate averages)
Students enter the data immediately after they receive feedback about their
argumentative writing (or any skill or knowledge you want to track)
Students then analyze the strengths and weaknesses based on quantitative and
qualitative evidence
Students complete a goal setting session similar to the one below.
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Example: Pre Test
Example: Evaluation of Rip Current
Example: My Best Work from Disaster @
Byron Lakes
Example: CER Periodic Trends Ionizing
Energy or Atomic Radius
1 Semester Exam
Average Score
Percent Change

Counter
Argument

Reason

Evidence

Claim

Assignment Title

Conventions

Learning Log
Feedback from my teacher
(strengths and weaknesses)
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My Science Academic Goal
Purpose: To understand that goal setting can help me keep my academic goal in mind
throughout the semester. To write a goal that is SMART and meaningful based on my
reflection about first semester.
1. Visit the website to find additional information about goal setting.
http://www.mindtools.com/page6.html
2. Answer the following questions by using the evidence from your learning log:
 What went well for you? (Strengths that are BIG or small)
 What did not go well for you? (Weaknesses that are BIG or small)
 What would you like to stop doing because it is stopping you from learning?
 What would you like to start doing because it will help you start learning?
 What would you like to keep doing because it is working for you?
 How motivated are you to meet that challenge
3. Write a SMART goal based on your reflection above.

4. Stretch Goals: What do you really need to work on that
would be really challenging? Use the list at the right to
help identify non-academic stretch goals.
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Appendix H
Ninth-Grade Science Sample Units: Evidence Based Cross Cutting Analytical Literacy
Strategies and Scientific Argument Writing Strategies
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1. How to Argue with Your Parents and Win!
A Scientific Approach to Persuasive Arguments
Purpose: To help you, as a student, to think like a scientist, to act like a scientist, and to
develop the skills necessary to be persuasive in your arguments. If you think like a
scientist and are skeptical, you will win more arguments with your parents and you will
begin to think about evidence that supports your position.
Background: To be a scientist you must be skeptical. Skepticism demands arguments.
This skill is a universal skill that you will use at home, in school, in college, in your
career, anywhere you walk in this life. Therefore, this skill must be learned, practiced,
and used frequently. Skepticism is the evaluation of information in a critical way by
looking for evidence and scientific reasoning behind the claim. Scientist must be people
of integrity and they must be honest. Therefore, it is important that all information in an
argument must be analyzed in a transparent way, so that everyone can validate the
position.

Activity One:
Think about the following questions and then be prepared to share your thoughts with
your team and the whole class:
1. Can you change someone's mind/position on a topic?
2. Should you be able to change someone’s position on a topic/mind?
3. How do you change someone's position on a topic/mind?
4. How do other people change your position on a topic/mind?
5. What are some things people do to change your mind that work?
6. What are some things people do to change your mind that you don't like or don't
work?

Activity Two: Learning how to have a scientific persuasive argument
The basic plan for scientific persuasive arguments follows a simple outline: Claim,
Evidence, Reasoning, and Rebuttal (CERR). It is a written or oral response to a question
that requires students to analyze data and interpret that data with regard to scientific
knowledge. The ultimate goal is to help students create a cohesive explanation in which
all four components CERR, are linked together.
Think about the following questions and then be prepared to share your thoughts with
your team and the whole class:
 What do you think of when you hear the word "claim"?
 What do you think of when you hear the word "evidence"?
 What do you think of when you hear the word "reasoning"?
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Claim: noun – to assert in the face of possible contradiction
“The claim is a testable statement or conclusion that answers the original question. The
claim is the simplest part of an explanation and often the part students find the easiest to
include. The claim also helps students identify the position another person has on the
topic. “Krajcik & McNeill: Assessment & Scientific Explanation June 24th, 2011
Evidence: noun – something that furnishes proof
“The evidence is scientific data that supports the student’s claim. This data can come
from an investigation that students complete or from another source, such as
observations, reading material, archived data, or other sources of information.
The data needs to be both appropriate and sufficient to support the claim. Appropriate
data simply means does the data support the claim. Sufficient data simply means whether
the student has enough data to support the claim to persuade the audience.
Krajcik & McNeill: Assessment & Scientific Explanation June 24th, 2011
Reasoning: noun – a statement offered in explanation or justification, connecting the
proof to the claim
“Reasoning is a justification that shows why the data counts as evidence to support the
claim and includes appropriate scientific principles. The reasoning ties in the scientific
background knowledge or scientific theory that justifies making the claim and choosing
the appropriate evidence. The easiest way to do this is to think about the cause and effect
and provide a scientific reason why the cause resulted with the obvious effect.”Krajcik &
McNeill: Assessment & Scientific Explanation June 24th, 2011
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Activity Three: Learning what it might sound like


Here is a simple, elementary example of an argument
o Claim: The sun is hot.
o Evidence: My skin feels warm.
o Reasoning: My skin became warmer when the sun came up.
o Rebuttal: My skin is colder when the sun is down and not shining on my
skin



Here is a simple example related to a social issue
o Claim: My mom is mad.
o Evidence: She is frowning.
o Reasoning: She was frowning yesterday when she said “I am mad.”
o Rebuttal: She smiles when she is happy.
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2. Rip Currents and Drowning in Lake Michigan Part One
Goal: To analyze and to draw conclusions from multiple data sources. To use an
argument process (Claim, Evidence, Reason, Rebuttal) to explain the conclusion.
Skills Background: Being skeptical
Scientist habits of mind include being open to new ideas and being skeptical at the same
time. Their skepticism typically results in professional discourse better known as
arguments. However, scientists, unlike others, tend to argue about ideas not to win over
the opponent, but rather to reach consensus in a collaborative search for truth. Thus, as
Steve Metz the field editor for “The Science Teacher” says in the summer 2013 editor’s
corner “Scientists constantly critique each other’s ideas, defend claims, challenge
inferences, propose alternative interpretations, and engage in the back-and-forth debate
that moves forward our understanding of the natural world.” Thus building your
skepticism is important!
Problem Background: A History of Rip Currents and Channel Currents on the
Great Lakes
In an examination of rip currents on the Great Lakes from 1994-2007 (Gensini, 2009),
Michigan is fourth for the greatest number of rip current related fatalities, which is just
behind Florida, California, and North Carolina. According to the National Weather
Service (NWS) database collected by D. Guenther (The Great Lakes Current Incident
Database, or GLCID), the Great Lakes averages around 10 drowning deaths per year due
to rip currents, with a majority of the incidents occurring on Lake Michigan. From 20022011, there has been a total of 346 rip and channel current incidents across the Great
Lakes.
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Activity One: Problem Definition, Cause and Effect, and Scientific Question
Writing
1. Define the problem based on the problem background paragraph above.
2. Identify the cause and the effect by using a color-coding system, and include the key
for the color-coding. (Other terms you may hear are manipulated and responding
variable, or independent and dependent variable)
Example: Can hydrogen peroxide whiten teeth? (KEY: Green is the cause and Pink is
the effect)
3. Write a scientific questions based on the problem (Think about the 5 criteria of a good
scientific question)

Activity Two: What can we tell about death and rip currents from multiple
sources?
Read for background knowledge: Rip current education, water safety forever tied
to memory of Grand Haven teen who drowned
http://www.mlive.com/news/grand-rapids/index.ssf/2013/09/post_431.html
2. Based on your background knowledge from “How to Argue with your Parents and
Win” and this article:


What is the claim?



What evidence exists?



What reasons are given?



What vocabulary do you need to look up?

3. Watch News Channel 8 video footage
http://www.woodtv.com/news/local/ottawa-county/more-drownings-in-2010-stats-show
4. Based on your background knowledge from “How to Argue with your Parents and
Win” and this video


What is the claim?



What evidence exists?



What reasons are given?



What vocabulary do you need to look up?
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Activity Three: Individual Research about Rip Current and Drowning in the Great
Lakes
Individual Research: To build your background knowledge based on your own curiosity
about rip currents, the causes of rip currents, and causes that impact rip current deaths.
Eventually, you will be analyzing data and having the background knowledge will help
you understand the graphs and data. Choose at least 3 resources from the following list
to review and to take notes on the tables below.
New article about Rip Currents in 2013
http://www.mlive.com/news/grandrapids/index.ssf/2013/06/dozens_of_drownings_each_year_prompt_lake_michigan_rip_c
urrents_study.html
Rip Currents: Definitions and videos
http://beachsafe.org.au/surf-ed/ripcurrents
Rip Currents: Definitions and Animations
http://www.ripcurrents.noaa.gov/science.shtml
http://www.glerl.noaa.gov/
Great Lake Surface Conditions: Study the currents based on the previous months of May
- August
For my students with high curiosity associated with data, graphs, and real time
application
http://www.glerl.noaa.gov/res/glcfs/glcfs.php?lake=m&ext=wv&type=N&hr=00
Great site on different lake conditions in different regions of Michigan, lots of data, and
historical data for the last year.
Careers Related to the study of waves and wind in Michigan (click on Michigan to
expose various departments)
http://www.glerl.noaa.gov/res/Centers/HumanHealth/beach_resources.html
Links to Real time Data
http://www.glerl.noaa.gov/metdata/docs/wtemp.html
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Notes for at least 3 resources of your choosing:
Resource Title One:
Claim
Evidence
Reasoning
Vocabulary you need clarification on (look it up and record here)
Write a one sentence summary
Resource Title Two:
Claim
Evidence
Reasoning
Vocabulary you need clarification on (look it up and record here)
Write a one sentence summary
Resource Title Three:
Claim
Evidence
Reasoning
Vocabulary you need clarification on (look it up and record here)
Write a one sentence summary

274

Activity Three: Developing an argument that can persuade others about how rip
currents cause deaths in the Great Lakes and West Michigan

What is the cause and effect in each of these data pictures?
Use your color coding s ystem to identify the cause and the
effect

What data trends stands out the most in the data set?
(Compare)
What doesn’t stand out in the data set? Things you missed
(Contrast)
What patterns exist between the data points? (highs, lows,
sums, differences, percent of,etc)
Always compare the cause and the effect! (not just the cause
or not just the effect but BOTH)
Why do you think these patterns occur? (opinion based on
scientific reasons or research that you have found in your
background development activities) Always refer the cause
and the effect!

Reasoning is
the conncetion
between the
cause and
effect from the
claim and
supports why
the data is
important

Claims always
include the cause
and effect to
justify the
conclusion as the
answer to the
original quesiton

How to analyze the data

Evidence comes
from the data and
is the appropriate
an sufficient data
to suport the
clamin

INFORMS

Write your conclusion using the CER paragraph structure (See How to
Argue with Your Parents and Win)
What new scientific question do you have?
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Complete this together as a class- Guided Instruction

Evidence comes
from the data
and is the
appropriate an
sufficient data
to suport the
clamin

Claims always
include the
cause and effect
to justify the
conclusion as
the answer to
the original
quesiton
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How to analyze the data
What is the cause and effect in each of these data pictures?
Use your color coding system to identify the cause and the
effect

What data trends stands out the most in the data set?
(Compare)
What doesn’t stand out in the data set? Things you missed
(Contrast)
What patterns exist between the data points? (highs, lows,
sums, differences, percent of,etc)
Always compare the cause and the effect!

Reasoning is
the
conncetion
between the
cause and
effect from
the claim and
supports why
the data is
important

Why do you think these patterns occur? (opinion based on
scientific reasons or research that you have found in your
background development activities) Always refer the cause
and the effect!

Write your conclusion using the CER paragraph structure (See How to Argue with
Your Parents and Win)
What new scientific question do you have?
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Group Work with Strong Support
Focus on the connections between the cause and the effect!

Evidence comes
from the data
and is the
appropriate an
sufficient data
to suport the
clamin

Claims always
include the
cause and effect
to justify the
conclusion as
the answer to
the original
quesiton
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How to analyze the data
What is the cause and effect in each of these data pictures?
Use your color coding system to identify the cause and the
effect

What data trends stands out the most in the data set?
(Compare)
What doesn’t stand out in the data set? Things you missed
(Contrast)
What patterns exist between the data points? (highs, lows,
sums, differences, percent of,etc)
Always compare the cause and the effect!

Reasoning is
the
conncetion
between the
cause and
effect from
the claim and
supports why
the data is
important

Why do you think these patterns occur? (opinion based on
scientific reasons or research that you have found in your
background development activities) Always refer the cause
and the effect!

Write your conclusion using the CER paragraph structure (See How to Argue with
Your Parents and Win)
What new scientific question do you have?
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Individual Practice –Homework if additional time is needed

Evidence comes
from the data
and is the
appropriate an
sufficient data
to suport the
clamin

Claims always
include the
cause and effect
to justify the
conclusion as
the answer to
the original
quesiton
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How to analyze the data
What is the cause and effect in each of these data pictures?
Use your color coding system to identify the cause and the
effect

What data trends stands out the most in the data set?
(Compare)
What doesn’t stand out in the data set? Things you missed
(Contrast)
What patterns exist between the data points? (highs, lows,
sums, differences, percent of,etc)
Always compare the cause and the effect!

Reasoning is
the
conncetion
between the
cause and
effect from
the claim and
supports why
the data is
important

Why do you think these patterns occur? (opinion based on
scientific reasons or research that you have found in your
background development activities) Always refer the cause
and the effect!

Write your conclusion using the CER paragraph structure (See How to Argue with
Your Parents and Win)
What new scientific question do you have?
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Differentiated based on student self assessment

Evidence comes
from the data
and is the
appropriate an
sufficient data
to suport the
clamin

Claims always
include the
cause and effect
to justify the
conclusion as
the answer to
the original
quesiton
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How to analyze the data
What is the cause and effect in each of these data pictures?
Use your color coding system to identify the cause and the
effect

What data trends stands out the most in the data set?
(Compare)
What doesn’t stand out in the data set? Things you missed
(Contrast)
What patterns exist between the data points? (highs, lows,
sums, differences, percent of,etc)
Always compare the cause and the effect!

Reasoning is
the
conncetion
between the
cause and
effect from
the claim and
supports why
the data is
important

Why do you think these patterns occur? (opinion based on
scientific reasons or research that you have found in your
background development activities) Always refer the cause
and the effect!

Write your conclusion using the CER paragraph structure (See How to Argue with
Your Parents and Win)
What new scientific question do you have?

Independent work
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Cold front passage: Sudden change of wind speed, direction and temperature




High Pressure – clear and sunny day
HP and LP combination: Warm and then the pressure drops and the speed of
wind and waves increases
Warm Fronts – result in long stretches of rain, the clouds are low and more real
slow, virtually no winds.

Evidence comes
from the data
and is the
appropriate an
sufficient data
to suport the
clamin

Claims always
include the
cause and effect
to justify the
conclusion as
the answer to
the original
quesiton
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How to analyze the data
What is the cause and effect in each of these data pictures?
Use your color coding system to identify the cause and the
effect

What data trends stands out the most in the data set?
(Compare)
What doesn’t stand out in the data set? Things you missed
(Contrast)
What patterns exist between the data points? (highs, lows,
sums, differences, percent of,etc)
Always compare the cause and the effect!

Reasoning is
the
conncetion
between the
cause and
effect from
the claim and
supports why
the data is
important

Why do you think these patterns occur? (opinion based on
scientific reasons or research that you have found in your
background development activities) Always refer the cause
and the effect!

Write your conclusion using the CER paragraph structure (See How to Argue with
Your Parents and Win)
What new scientific question do you have?
References
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3. Student Example: Rip Current Drownings: Collaborative (Wave height, wind speed)
Directions:
1. Select the best version from your team.
2. Save the best version to this document.
3. Put all team members names in the box at the top and use a different color font
per person.
4. Evaluate this document with the Boston/Mid-Western rubric.
5. Rewrite the document to show improvement in the two lowest areas on the rubric.
6. Everyone must contribute: To show contribution use the different color font
selected in the name box.
7. To earn a grade on this assignment everyone must contribute in some way, shape,
or form in the cohesive paragraph.
COLLABORATIVE
Wave Height-Original
Parents should not let children swim alone in small waves because of the large amount of
death related incidents due to rip currents. In fact, 2-4 foot waves have the highest
incidents of death (113) due to rip currents. Also from 0-2 ft. there are 25 incidents. In
conclusion, always be with your child even if the waves are not high.
Wave Height -Improved
It is my belief that parents should not let children swim alone. There are a large amount
of death related incidents on lake Michigan and they are due to rip currents. In fact, 2-4
foot waves have the highest incidents of death (113) due to rip currents. In addition from
0-2 ft. waves there were 25 incidents. In conclusion, always be with your child even if the
waves are not high because the rip currents are dangerous.

Wind Speed-Original
When the winds are higher the waves are bigger and when it the sames are medium
people go in the water more often and the more people in the water, the more deaths. The
highest death total 103 and it occurs at 10-20 mph winds. The incidents increases
drastically between 0-20mph wind and then decreased between 25-35 mph winds. When
the wind is 35 mph there are zero incidences.
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Wind Speed -Improved
There is no doubt that when the winds are higher the waves are bigger, the lake can be
deadly. When wind speeds are 5 to 25 mph people are more likely to go in the water. The
more people in the water, the more deaths there can be. When the wind is at 5 to 25 mph
307 incidences were the result. The highest death total, 103, occurred when the wind was
at 10-20 mph. The incidents increased dramatically between 0-20mph wind and then
decreased between 25-35 mph winds. When the wind is 35 mph or greater there are zero
incidences recorded. When the wind speeds are lower people think it is safer to swim,
thus more people are in the water resulting in a greater chance for drownings.
INDEPENDENT WORK
Number of Rip Current Related Incidences and Rescues-Original
People are beginning to learn more and more about rip current saftey as time goes by.
There were more rip current resques from 2002-2011 then deaths. In fact, there were 105
drownings and 217 resques total throughout these years. In 2011 14 deaths and 67
resques. In conclusion, as time goes by, more people will learn about rip current safety.
Number of Rip Current Related Incidences and Rescues-Improved
People are beginning to learn more and more about rip current saftey as time goes by.
There were more rip current resques from 2002-2011 then deaths. In fact, there were 105
drownings and 217 resques total between 2002 and 2011. In 2002 there were only 6
deaths and 3 rescues. But in 2011 there were 14 deaths and 67 resques. In conclusion, as
time goes by, more people will learn about rip current safety and there will most likely be
less deaths and more rescues.
Claim: 3 Evidence: 4 Reasoning: 3

Student Example: How Water Temperature and Rip Current Forecast Affect Deaths in
Lake Michigan
Original:
As the days go by, the water temperatures get higher, making the rip currents bigger and
dorwnings more likely. In June the water temperatures were high, with mostly low rip
current forecasts. There were zero deaths in June. But as the month turned to July the
temperature got higher and the rip current forecasts were low, moderate, and high. There
were 4 deaths throughout the month of July. In August the water temperatures were
between 70-75 degrees and had low,moderate and high rip currents. There were 6 deaths
in August.
Improved:
As the days (throughout June, July, and August) go by, the water temperatures get higher,
making the rip currents bigger and drownings more likely. In June the water temperatures
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were between 57 degrees and 61 degrees, with mostly low rip current forecasts. There
were zero deaths in June. But as the month turned to July the temperatures got higher
(between 65-70 degrees), and the rip current forecasts were low, moderate, and high.
There were 4 deaths throughout the month of July. In August the water temperatures
were between 70-75 degrees and had low, moderate, and high rip current forecasts. There
were 6 deaths in August. The temperature can affect the water, but rip currents happen at
anytime. People need to be prepared for them by continuing to learn more about water
safety and rip currents.
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4. Disaster in the Gulf
Purpose: To create background knowledge on a real world problem. Students will use
qualitative observations and quantitative observations in context of a real world problem.
Students will use inferences from observations to help understand the real world problem
Problem: When ships are damaged or sunk, the oil they carry spreads out over the
surface of the water in a large slick. These oil slicks can cover hundreds of miles,
causing huge environmental damage. Creating a meaningful way to clean up or to
contain the spill is a challenge to biologists, chemist, physicist, and geologists.
TASK ONE:
What scientific question might you ask about this problem?

TASK TWO:
Underline the manipulated variable and double underline the responding variable.
TASK THREE:
Be an active recorder during the video: Disaster in the Gulf. A Race against Time. You
will be assessed based on the accuracy and quantity of observations and inferences. (See
rubric)
1. Record qualitative observations scientist made in regards to the oil spill
2. Record quantitative observations scientist made in regards to the oil spill
3. Record inferences that scientist made in the video, based on their observations,
related to the oil spill
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Quantitative
Observation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
4 =A

100%

Qualitative Observation

Qualitative and
Quantitative observations
are made accurately
(minimum of 20)
Qualitative and Quantitative
observations are made
accurately (minimum of 18)

Inference related to either

Inferences are logical and
relate to the observations
scientist made in the video
(minimum of 10)
Inferences are logical and
3.5 = B 85%
relate to the observations
scientist made in the video
(minimum of 8)
Qualitative and Quantitative Inferences are logical and
2.5 = C 75%
observations are made
relate to the observations
accurately (minimum of 16) scientist made in the video
(minimum of 7)
Qualitative and Quantitative Inferences are logical and
1.5 = D 65%
observations are made
relate to the observations
accurately (minimum of 14) scientist made in the video
(minimum of 6)
You must do at least “D” work. You must come in on your own time to complete
this task. Less than a “D” is unacceptable.
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Part 1: How Does an Oil Spill Spread?
Purpose: To establish the control for the experiment. The control is how an oil spill
behaves with no external forces. And then to establish how an oil spill behaves with
external forces such as wind and waves.

Incorrect

Materials:
1000 ml beaker, Graduated cylinder, straws, apron, string, marker, meter-stick, water, oil,
soap, food coloring, pan, tweezers, scissors, pipet
Procedures for control: Oil slick behavior with not external forces
1. Measure 1000 ml of water in a beaker. Add food coloring to make the water “black.”
Pour 1000 ml of colored water into a large, shallow pan.
2. Measure approximately 1 meter of string. You will make the string into a measuring
device. To do this, make tick-marks every 1 cm on the string. You will need a meter
stick.
3. From a height of 1 cm, slowly add 10 ml of the oil. (If you don’t the experiment will
fail) Use a graduated cylinder to measure the amount of oil) Refer to the pictures above
to see what the spill should look like.
4. Immediately, but with surgical precision, loop a piece of string around the “oil spill.”
Use tweezers to move the string so that you can be more precise.
5. Record the initial sizes of the oil spills and record three other observations. Your
observations should be “narrative” in nature. Your observations should be like the script
to a movie, explaining what you see in numbers (quantitative) and with great adjectives
and nouns (qualitative)
6. Use a timer to keep track of the time intervals. You may use the timing device on
your cellular or hand held device.
7. Wait two minutes, change the size of the loop as needed. Record the new
measurement and make three more qualitative and quantitative observations.
8. Repeat the string measurements and other observations every two minutes for a total
of six minutes.
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Control: Oil slick behavior with not external forces
Time/String
Length
String
Measurement

Initial

2 minutes

4 minutes

Quantitative
or qualitative
observation

Quantitative
or qualitative
observation

Quantitative
or qualitative
observation

Answer questions 1 -3 on page ________

6minutes
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How Wind and Waves Impact Oil Spills
WIND
1. Establish the oil spill as you did during the original experiment
2. To create a “wind," use a straw/pipet or turkey baster to lightly
blow for 30 seconds, from one direction on the oil spill, to
spread it out. Record Qualitative and Quantitative observations
(how close to the oil, how far it moved, how long the wind
blew, etc.).
3. Repeat and record this process every two minutes for a total of 3
trials. (If the spill leaves the pan you fail).
How Wind Impacts Oil Spills
Time/Wind
Qualitative or
Quantitative
Observation

Qualitative or
Quantitative
Observation

Qualitative or
Quantitative
Observation

Initial (no
wind)

2 minutes

4 minutes

6 minutes
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Qualitative or
Quantitative
Observation
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WAVES
1. Establish the oil spill as you did during the original experiment
2. To create waves shake or vibrate the pan for 10 seconds, to create light wave action.
Record quantitative and qualitative observations. (If the spill leaves the pan, you fail).
3. Repeat and record this process every two minutes for a total of 3 trials. (If the spill
leaves the pan you fail).

How Waves Impact Oil Spills
Time/wave
Qualitative or
Quantitative
Observation

Qualitative or
Quantitative
Observation

Qualitative or
Quantitative
Observation

Initial
(no waves)

2 minutes

4 minutes

6 minutes
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Qualitative or
Quantitative
Observation

Answer questions 4-7 on page ________
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HOW A DISPERSANT AFFECTS AN OIL SPILL
1. Establish the oil spill as you did during the original experiment but use only 5 ml of
oil and 1000 ml of water. Use the same procedures as before for dropping the oil into the
water.
2. Use a pipet filled with liquid dish detergent (a dispersant). Record your observations
as you drop one drop of dispersant at a time.
3. Observations should focus on the cause and the effect. What, when, where, how, etc.
the dispersant and the oil and water change in response to one another
4. Continue to use the dispersant until the oil spill is gone. Verify with the teacher before
you dispose of the water.
How a Dispersant Affects an Oil Spill
Trial/# of
drops of
dispersants
1

2

3

4

5

6

Quantitative observation

Qualitative Observation
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7

You may need to extend this chart

Answer questions 8 through 10 on page ________
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Questions and Observations:
1. What happened to the oil when you dropped it on the fresh water/ocean? (Did it
sink? Float? Mix in?)

2. If left alone, how does oil spread out?

3. How well does the “string” (boom) contain the oil spill?

4. What technique did you use to create your wind?

5. What is the effect of wind and on the oil spill? What is your prediction that strong
winds will have on a real life oil spill?
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6. Describe how you made the waves?

7. What effects do waves have on the oil spill?

8. What happened when the dispersant was added to the oil spill?

9. Where would the oil go in “real” fresh water/ocean after a dispersant (like
dishwashing detergent) is used?

10. How is this experience with oil spills different than in real life oil spills?
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Part 2: How to Clean Up an Oil Spill with Sorbents
Purpose: For you to clean up a mini oil spill using materials similar to the ones used by
petroleum engineers. Plus, at the end of the experiment, two things must be
accomplished.
1. The oil should not be at the top of the water.
2. There should be at least half of the original water left. (500 ml)
(Possible sorbents: Paper towel, cotton balls, rag, string, nylon pot scrubber, sponge,
Shredded Styrofoam cup, combination of these options, or personal choice with
permission of the teacher.)
What is your hypothesis?
If__________________________________________________________ then
________________________________________________________________________
Procedures: The step-by-step plan you intend to FOLLOW while conducting the
experiment.
1. Your team should choose one sorbent that you believe will clean up the oil spill most
completely and meet the 2 outcomes listed above. You will use 1000 ml of water and 5
ml of oil.
2. Design and type a step-by-step procedure based on your choice of sorbent. The
procedures must include quantities and the tools necessary to measure the quantities.
Include in your procedures and a electronic data table that is labeled with the types of
specific and general observations you will be recording.
Questions you need to think through as you are writing your procedures
A. How much sorbent (mass, length,
number, amount, etc.) will you
use?
B. How will you use the sorbent in the
removal of the oil spill? (scoop,
dip, push, pull, float, drag, dab or
move objects (1 cm above, left to
right, half way immersed, on top of
the oil spill etc.)
C. How will you get the oil from the
sorbent into a measurable
container? (What is that container
you plan to use for measurement?

D. How will you measure the removed
oil?
E. How will you measure the remaining
water?
F. How will you prove all of the oil is
gone quantitatively?
G. How many times will you repeat your
procedures?
H. How much time does it take to
complete each trial?
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This plan must be verified and certified by your teacher before you may begin with Part
2.
3. Procedures/Data Table must be created electronically. Share these documents with
Mrs. Karel to verify before you complete the lab.
4. Share your research with at least two other groups. You will need their data for
interpretation.

303
Questions and Observations: For all of the questions below compare your results from
both sorbent experiments. Then answer the question.
1. Why does the oil float on top of the water?

2. Were you successful in removing the oil?

2. How much oil did the sorbent clean up? How quickly?

3. Does the sorbent pick up water too? If so, how can you tell?

4. How did the sorbent behave in the water and on the slick?

5. What is the condition of the contaminated sorbent after it is exposed to the oil spill?

6. How would you pick up the oil-contaminated material in a “real” oil spill in fresh
water/the ocean?

304
7. How would you dispose of the oil-contaminated material in a real oil spill?

9. How well might your methods work on an actual spill?

10. Discuss how the weather might affect cleanup efforts.

11. Do you think that the method, which worked best for you, would also work the best
on a real oil spill? Why or why not

12. What effect will oil have on the environment?

13. Which clean up method has the least impact on the environment?
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Part 3: How an Oil Spill Impacts Birds
Purpose: To use observations to help infer how oil spills impact bird feathers. To learn
that natural oils on the feather keep them from becoming waterlogged.
Procedures
1. Examine a bird feather. Create standard techniques for interacting with the feather
(cause) Record the technique below. Make observations about how the feather can/not
fluff after it’s handled (effect). Record your observations.
2. Drop the feather into a pan of clean water (1000 ml) with 3 drops of food color added.
Allow it to dry completely. Use the standard techniques for interacting with the feather
and record what effect they have on the feather. .
3. Drop a bird feather into the pan of water and oil (5 ml). Use the standard techniques for
interacting with the feather and record what effect they have on the feather. .
4. Try to clean the oil off the feather. (Teams 1-3 use liquid detergent and Teams 4-6 use
a brush). Use the standard techniques for interacting with the feather and record what
effect they have on the feather. .
5. Allow the feather to dry (fan or hair dryer). Use the standard techniques for interacting
with the feather and record what effect they have on the feather.
6. Repeat/Reset all of the above procedures except this time use “salt” water to represent
an ocean (15 ml of salt) Mix the salt with the water before you continue.
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Condition/Observations
1. Normal bird feather

Fresh Tap Water

2. Clean fresh water

3. Feather in the oil spill

4. Feather after cleaning

5. Feather after drying

6. Normal bird feather

Salt Water

7. Clean Salt water -

8. Oil spill

9. Feather after cleaning

Technique One

Technique
Two

Technique
Three
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10. Feather after drying
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Questions and Observations:
1. Does the feather float in the water?

2. After the feather dries does it return to its natural state? (Fluffy, shape, sheen etc.)

3. What happens when a feather gets oil on it?

4. How might an oiled feather affect a bird?

5. Would the feather still be able to insulate the bird and resist water?
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VOCABULARY
Pollutant: Any substance that contaminates or makes the environment impure. Pollutants
are commonly man-made wastes.
Density: The mass or quantity of a substance per unit of volume (m/V). The relative
heaviness of a material or how compact or crowded the molecules are in the material.
Absorption: The process of taking in another substance, in the same manner that a
sponge would.
Adsorption: When a liquid or solid takes up a substance and holds it on its surface, so
that the substance coats the molecules of the solid or liquid.
Dispersant: A chemical or material that when added to some other substance causes it to
break apart and scatter about.
Bioremediation: Using natural biological processes to correct or counteract an
environmental hazard or ecological disaster. An example of bioremediation is adding
fertilizer or bacteria to the water to help cleanup an oil spill.
Ecosystem: An ecological unit of all the living organisms plus the nonliving, physical
Environment and how they function together.

References:

http://www.mlive.com/news/kalamazoo/index.ssf/2011/07/longterm_impact_of_kalamazoo.html
http://misterguch.brinkster.net/MLX030.pdf
http://www.populationeducation.org/docs/earthmatters/activity-like_oil_and_water.pdf
http://omp.gso.uri.edu/ompweb/doee/teacher/pdf/act13.pdf
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5. Nuclear Power a Sustainable Alternative Energy Source?
Purpose: To allow students an opportunity to conduct research so that they can clearly
explain fission and nuclear power plants. In addition, students will have an opportunity
to learn about the advantages and disadvantages of the alternative energy source of
nuclear power. Moreover, students will have an opportunity to persuade an audience on
whether or not a nuclear power plant should be brought to Mid-Western.
Guiding Questions:
Is nuclear energy a sustainable alternative energy source?
Is it worth the price given the advantages and disadvantages?
Problem Statement:
Byron Township has had several recent requests for new businesses at 131 and 84th street
where the old “Dome World” use to be located, Tanger Outlet Mall, and now a potential
nuclear power plant.
A friend of mine overheard and saw the following conversations take place:
The township supervisor said to a township board member “I have received advance
notice,” “that a power company is proposing to build a nuclear plant in Mid-Western. The
plan will be discussed with the public tomorrow morning at the township meeting, and
citizens and journalists will want to know what my position is on this controversial issue.
To be honest, I am not sure how I feel about it. “I need you,” she continues, “to conduct
research about how nuclear energy is created at a nuclear power plant and to take a brief
survey of the pros and cons of nuclear power. Summarize what you have learned and
report back to me this afternoon.” Back in his office, he enters “nuclear power pros and
cons” into a Google search engine, and it returns what looks like a promising mix of
articles, videos, and data charts. He must learn about how nuclear energy is made and he
must review and evaluate these sources and summarize his arguments—both pro and
con—before reporting back to the Township Supervisor. Back in the Supervisors office,
he starts to hand her his notes on the pros and cons of nuclear energy, but she waves
away his papers. “Some emergency meetings have come up and I don’t have time to
review your research notes,” she says. “Instead, go ahead and make a recommendation
for our position on this nuclear power plant. Should we support the building of this
nuclear plant in our Township, or should we oppose the power company’s plan? Be sure
that your recommendation acknowledges both sides of the issue so that people know that
we have considered the issue carefully. I’ll review your report tonight and use it for the
press conference tomorrow morning.”

Based on his research he finds that the community is very interested in both options
because it would increase the tax base, it would increase the number of people who may
be employed and it would provide extra monies for schools. However, a group of
concerned citizens have also heard about an incident in May and July of 2013, at the
Palisades Nuclear Power Plant, which is in the southwest corner of Michigan. There
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were signs of abnormal levels of radiation found in the water surrounding the nuclear
power plant. According to sources “ The water was 1/50,000th the federal rem limit
allowed and there was no impact to public health and safety." Knowing this fact still is
not enough to reduce the anxiety and concern about radiation from the power plant.
Especially in Mid-Western. The concerned citizens are also reflecting on an incident that
occurred in 1986 at Forsmark nuclear power plant. That power plant had up to five times
the normal amount of radioactive emissions was found in the soil and greenery around
the plant. Even further north in Sweden and Finland, where rain and snow were falling,
the same disquieting signals were discovered. The original fear was that the Forsmark
Plant was leaking radiation somehow. After extensive searches, the scientists decided that
the plant was not losing radiation. It had to be coming from somewhere else. Examining
the wind patterns for those days, the wind had come up from the Black Sea, across the
Ukraine, across the Baltic Sea and into Scandinavia. In other words, something terrible
had happened in the Soviet Union, and the Soviet officials were not telling anybody
about it. That disaster was Chernobyl. Plus, they have great concern due to the nuclear
power plant disaster in Japan in 2011.

This township official has completed a task similar to the one you need to accomplish!

You must present a podcast at the next township meeting that explains background
information about a nuclear power plants and how they generate electricity and you must
present in the podcast your position about whether or not you would recommend building
a nuclear power plant in Mid-Western.

In order to make an informed decision, you need to research several aspects of nuclear
energy and form an opinion about the use of Nuclear Energy. Questions to consider (but
not limited to this list) as you conduct your research:









What is the type of Nuclear Energy is used to power a nuclear power plant?
What is radiation?
What are the dangers of radiation?
How does nuclear energy supply power?
How does a nuclear power plant work?
Where are nuclear power plants currently located?
How are nuclear power plants regulated?
What happens when something goes wrong at a nuclear power plant
(ex: Chernobyl, Fukishima, Palisades)?

Knowledge Probe:
Create a KWLS (Know-Want to Learn-Learned-Still Need to Learn) chart! Keeping the
guiding questions “Is nuclear energy a sustainable alternative energy source? Is it worth
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the price given the advantages and disadvantages?” in mind, review the following
resources and update your chart. We will be discussing this as a group, so be ready to
share!

What I already
Know

What I Want to
Learn

What I have
Learned

What I Still
need to learn

Action Plan
Due Date

Research: You must record a minimum of 4 different sources from your research in the
Cornell note template. Be sure to record the citation as well. Create a new template for
each source.
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Cornell
Notes: Topic
Citation:
Main Idea

Summary

Details and Evidence (quantitative and qualitative) To add
additional space just insert a row
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Potential Search Phrases






“Nuclear power fission”
“How a nuclear power plants works”
“Pros and cons for nuclear energy or fission”
“Advantages and disadvantages for nuclear energy or fission”
“Data about nuclear energy consumption and production”
Potential Anchor Texts for Knowledge Probe

http://www.cnn.com/2013/11/07/world/fukushima-nuclear-power-disaster-problems/
http://www.cnn.com/2013/11/07/opinion/morris-ted-chernobyl/index.html?hpt=hp_bn7
http://www.oakland.k12.mi.us/portals/0/learning/nuclearchange.pdf
http://www.nei.org/
http://www.epa.gov/cleanenergy/energy-and-you/affect/nuclear.html
http://www.youtube.com/watch?v=98frSed0F5s
http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Introduction/What-is-Uranium-How-Does-it-Work-/
http://library.thinkquest.org/3471/nuclear_energy.html
http://energy.gov/ne/office-nuclear-energy
http://youtu.be/GmWadizC8AQ
http://www.youtube.com/watch?v=98frSed0F5s
http://www.nytimes.com/roomfordebate/2011/03/13/japans-nuclear-crisis-lessons-forthe-us/the-price-of-fission-power
http://www.csmonitor.com/USA/2011/0315/Meltdown-101-What-are-spent-fuel-poolsand-why-are-they-a-threat
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Nuclear Power: A Sustainable Alternative Energy Source: Rubric for Research
Component
KWLS
Chart

0 points
Missing;
not
evident;
not
complete

1 point
Table has
little to no
information

2 points
Approximately
half of the table is
complete with the
minimum amount
of information
necessary

3 points
Most
components of
the table are
complete with
the minimum
amount of
information
necessary

4 points
All components of
the table are complete
with thorough
information that
reflects the rest of the
research; goes
beyond the minimum
requirement

Cornell
Notes

Missing;
not
evident;
not
complete

Less than 3
Cornell
Notes Tables
are included
with a
varying
range of
completion

3 Cornell Notes
Tables are
partially complete
to thoroughly
complete with 3
different resources

4 Cornell Notes
Tables are
complete with
four different
resources

5 or more Cornell
Notes Tables are
complete with 5 or
more different
resources; goes
beyond the minimum
requirement

Observations
& Data
Collection

Missing;
not
evident;
not
complete

Less than 2
Graphs
and/or Data
tables are
included for
each of the
two criteria,
reflection
questions are
incomplete;
does not
meet the
minimum
requirement

Less than 2
Graphs and/or
Data tables are
included for each
of the two criteria,
with two
reflection
questions
answered
completely for
each graphic; does
not meet the
minimum
requirement

2 Graphs and/or
Data tables are
included for
each of the two
criteria, for a
total of 4 with
two reflection
questions
answered
completely for
each graphic;
meets the
minimum
requirement

3 or more Graphs
and/or Data tables are
included for each of
the two criteria, for a
total of 6, with two
reflection questions
answered completely
for each graphic; goes
beyond the minimum
requirement
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Position
Statement

Missing;
not
evident;
not
complete

Needs
Improvement
- No
identifiable
claim or the
claim is
inaccurate;
No evidence
is provided
or the
evidence is
inaccurate.
(Cause or
effect is not
clear or is
lacking)
No
reasoning is
provided or
the
reasoning
does not
support the
claim.

Responsibility

Did not
use time
in class
and did
not
respond
to
requests
to stay
on task.

Avoided
working on
task most of
the time; did
not ask
clarifying
questions
when help
was needed;
all
requirements
were not
completed on
time; relied
on peers for
where to find
the
information.

Satisfactory Claim
reveals partial
understanding
and includes both
accurate and
inaccurate details
or omits
important details
(cause or effect is
not clear or is
lacking);
Satisfactory
accurate evidence
is provided but it
is not sufficient to
support the claim
OR there is
enough evidence
provided, but it
contains both
accurate &
inaccurate
statements; The
reasoning does
not link all
relevant evidence
to the claim OR
The appropriate
scientific
principles are not
fully described or
accurately used to
justify why the
data/information
counts as
evidence.
Worked on task
approximately
half of the time;
did not ask
clarifying
questions when
help was needed;
completed some to
all requirements
on time;
completed some of
own research but
also asked peers
for where to find
information; does
not meet the
minimum
requirement.

Good
Scientifically
accurate claim
(cause and effect
are clear); Good
relevant,
accurate and
sufficient
evidence is
provided to
support the
claim; There is
additional
evidence
included that is
not relevant to
the claim;
Explicit
reasoning is
provided that
links all relevant
evidence to the
claim. The
appropriate
scientific
principles are
described and
are used to
justify why the
data/information
counts as
evidence.

Excellent clear
scientifically
accurate claim that is
placed correctly in
the context of the
problem (Cause and
Effect Clear);
Excellent relevant,
accurate and
sufficient evidence is
provided to support
the claim; Excellent
explicit reasoning is
provided that links
all evidence to the
claim. The
appropriate scientific
principles are
described and are
used to justify why
the data/information
counts as evidence.
The response
describes an
application of the
scientific principles
beyond the context of
the problem.

Worked
independently &
on task during
most of class
time; sometimes
asked clarifying
questions when
help was
needed;
completed all
requirements on
time; completed
own research
and found own
answers; meets
the minimum
requirement.

Worked
independently & on
task during class
time; asked clarifying
questions when help
was needed;
completed all
requirements on
time; completed own
research and found
own answers; goes
beyond the minimum
requirement
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Nuclear Power: A Sustainable Alternative Energy Source: Rubric for Podcast – 28
points possible
Component
Content
You may have
created the
most
beautiful,
creative and
clever podcast
ever, but if it
doesn’t
contain the
appropriate or
required
content, you
haven’t done
your job.
Check and
double-check
the
requirements
for the
purpose and
content of
your podcast
Delivery &
Continuity
Choose a
major theme
and stick with
it.
Presentation
should be
conversational
and easy to
understand.

1 point
Does not present
the necessary
information in an
engaging way
Some information
is inaccurate
and/or missing
Does not meet
time requirement
Does not meet all
the required
elements.

2-3 points
Presents
necessary
information but is
not engaging
Some information
is accurate and
appropriate and
presented in the
Claim, evidence
and reasoning
format
Does not meet
time requirement
Meets
approximately
half of the
required elements

4-5 points
Effectively presents
information to keep
audience listening
Information is
accurate and
appropriate and
presented in the
Claim, evidence
and reasoning
format
Is close to five
minutes long
Contains all the
required elements

6-7 points
Creatively and cleverly
presents information in
a unique way to keep
audience engaged and
eager to hear more
Information is accurate,
appropriate and
complete and presented
in the Claim, evidence
and reasoning format
Is approximately five
minutes long; stays on
topic
Exceeds all the required
elements

Delivery is not
smooth
Somewhat
adequate
enunciation and
expression
Pace varies with
frequent
disruptions in flow
Many grammar
issues
Volume of voice
makes the
presentation
difficult to
understand

Somewhat
smooth delivery
Somewhat
adequate
enunciation,
expression, and
pace with just a
few disruptions in
flow
Nearly always
uses correct
grammar
Volume of voice
is sufficient, but
could be
noticeably
improved.

Well-rehearsed and
almost always
smooth delivery
Adequate
enunciation,
expression, and
pace with just a few
disruptions in flow
Consistently uses
correct grammar
Volume of voice
and/or music is
sufficient
Meets the minimum
requirements

Extremely wellrehearsed, smooth
delivery
Highly effective
enunciation (easy to
understand)
Good expression, and
pace to keep your
audience listening
Consistently uses
correct grammar
Volume of voice and or
music enhances
presentation
Exceeds minimum
requirements
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Graphics and
Enhancements
Enhance, not
replace, your
message. If
your audience
pays more
attention to
your sound
effects, they’ll
remember the
sounds but not
your
message—even
if the message
is clearly in
your podcast.

Images,
music, sound
effects...
Are missing or do
not enhance the
podcast’s message
because they are
distracting and/or
confusing
Do not evoke
much emotion
from audience
Does not some of
the minimum
requirements for
pictures

Images,
music, sound
effects...
Enhance the
podcast’s
message, but are
somewhat
distracting and/or
confusing
Do not evoke
much emotion
from audience
Meets some of
the minimum
requirements for
pictures

Images, music,
sound effects...
Always enhance
the quality and
message of the
podcast
Evoke emotional
responses from
your audience
Meets the
minimum
requirements for
pictures

Images, music, sound
effects...
Always enhance the
quality and message of
the podcast
Evoke emotional
responses from your
audience
Exceeds the minimum
requirements for
pictures

Technical
Production
Your work will
be wasted if
your audience
cannot hear
you; there is
background
noise, if it
doesn’t make
sense, or if you
have abrupt
stops and
starts.

Contains some
dead space and /or
background noise;
music output
levels or style of
music not
appropriate;
sequence of
information and/or
graphics not
logical;
Presentation does
not meet minimum
requirements

Mostly smooth
transitions;
minimal amounts
of noisy dead
space; Some
ambient (room)
noise can be
heard; Music is
somewhat
appropriate;
Fairly logical
sequence of
information and
most of the
graphics
change at
appropriate
intervals; meets
some of the
minimum
requirements

Somewhat smooth
transitions, spaced
correctly without
noisy dead space
Makes every effort
to filter out
unwanted ambient
noise
Sound
remains at a
consistent level
throughout
Information is in
logical sequence
and graphics
change at
appropriate
intervals; meets
minimum
requirements

Smooth transitions,
spaced correctly
without noisy dead
space
Makes every effort to
filter out unwanted
ambient (room) noise
Sound remains at a
consistent level
throughout
Information is in logical
sequence and graphics
change at appropriate
intervals; exceeds
minimum requirements

319
6. Analysis of Energy Efficiency
Goal: To use data, graphs, and diagrams to inform your decision about purchasing
various household products. Students will explain through a persuasive writing the
importance of energy efficiency in life and students will see what impact efficiency has
on purchasing common household products.
Directions
Analyze the data, graphs, and diagrams. Determine what evidence would be most
significant in your decision-making. Evaluate what you would do based on the questions
asked. Record your decision using CERRC thinking.
Scenario One:




If you were going to purchase a refrigerator based on cost only, which one
would you purchase and why?
If you were going to purchase a refrigerator based on efficiency only, which
one would you purchase and why?
If you were going to purchase a refrigerator and you wanted to be both
economical and eco-friendly which one would you purchase and why?
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Scenario Two:
Use all three data sets to support your position:




If you were going to purchase a light bulb based on cost only, which one
would you purchase and why?
If you were going to purchase a light bulb based on efficiency only, which one
would you purchase and why?
If you were going to purchase a light bulb and you wanted to be both
economical and eco-friendly, which one would you purchase and why?

Diagram 1:
LED

CFL

Incandescent

50,000 hours

10,000 hours

1,200 hours

10

14

60

$35.95

$3.95

$1.25

KWh of electricity used over
50,000 hours

500

700

3000

Cost of electricity (@ 0.10per
KWh)

$50

$70

$300

Bulbs needed for 50k hours of use

1

5

42

Equivalent 50k hours bulb expense

$35.95

$19.75

$52.50

Total cost for 50k hours

$85.75

$89.75

$352.50

Light bulb projected lifespan
Watts per bulb (equiv. 60 watts)
Cost per bulb

Energy Savings over 50,000 hours, assuming 25 bulbs per household:
Total cost for 25 bulbs

$2143.75

$2243.75

$8812.50

Savings to household by switching
from incandescent

$6668.75

$6568.75

0
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Diagram Two:

Diagram Three:
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Scenario Three:
Choose 3 types of energy sources (i.e. coal, oil, nuclear, wind, solar, geothermal,
biofuels, hydroelectric, etc.). Then analyze the 3 diagrams of choice. Based on your
analysis which energy source is more efficient? How do you know? Show
mathematically how efficiency was calculated for all three energy sources.
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7. Student Example: Letter to GRHA

“What is your recommendation to the Grand Rapids Housing Authority based on your
data, your peers data, and the presentations in class?”
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Analysis of strengths and weaknesses from the presentation discussion board
On the white board record evidence that illustrate the major trends found in the
discussion board data that informs you about your final writing. You will analyze one of
the following areas: (at least 7-10)
Evidence
Scientific Reasoning
Teacher feedback
What were some of the best ways the information was organized?
RAFT
Role: You are the research and design team member that has conducted who has been
contracted to inform the GRHA about the type of insulation that would be best at
insulating the hot water tanks in the housing unit.
Audience: GRHA purchasing team and building contractors
Form of communication: Letter, website, video with text
Topic: “ What is your recommendation to the Grand Rapids Housing Authority based
on your data, your peers data, and the presentations in class?”








Outline
Introduction: Introduce yourself, why you are a credible source, what your claim
is, what you did to inform your position, and outline how you are going to prove
your point
Background: Provide information to build background understanding about the
research and design process
Persuasive Argument: (CERRC rubric) Provide your compelling argument for
which insulator you recommend
You need to include a data table and a graph for each insulator considered
Reasoning must be related to at least 5 of the main science concepts. Be sure to
name the term, define it, and then use it in the reasoning
Conclude the letter

Dear GRHA purchasing team and building contractors,
I am a student at Mid-Western High School, and we have recently been running
experiments to test which kind of water heater would best fit the needs of Grand Rapids.
Out of all of the groups in our class, we found one that got much better results keeping
water warm than any other group. The best choice for Grand Rapids to use for a water
heater is Lexi, Dani, and Paige’s group. The design and materials that Lexi, Dani, and
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Paige used helped the water keep its temperature better than any other group. They used
materials that were good insulators, and not good conductors. The materials that they
used were a pop bottle with the top part of it cut off, a pop can, and cotton balls
surrounding the pop can to help keep the water inside warm.. According to the 2nd Law of
Thermodynamics, heat can only travel from a “hotter to a cooler,” not from a “cooler to a
hotter.” which is why Lexi’s group chose to use materials that would help trap the heat.
For the experiment, we had to research insulation, and build our own water heater model.
After that, we had to put hot water in the pop can attached to our insulator, and wait about
20 minutes to see how well the insulator helped keep the water warm. All the groups also
used a control group, which means a group that is using what is “regular,” (which in this
case is a pop can with no insulation.) When Lexi’s group ran the experiment with their
insulator, the temperature started out at 54.8°C, and after 20 minutes of the water being in
the insulator, the temperature was 53.1°C. This means that overall after 20 minutes, the
temperature only dropped 1.7°C. With the control group, the water’s temperature started
out at 56°C, and ended at 42.7°C 20 minutes later. Other groups were not as successful at
building their insulators. For example, when my group ran the experiment, our
temperature started out at 70.9°C, and after 20 minutes, the temperature was 62.2°C. This
means that overall, my group’s water heater lost 8.3°C. We also looked at another
group’s data. This group’s temperature started out at 59°C, and ended at 53.1°C 20
minutes later. As the data shows, Lexi, Dani, and Paige’s group had the best results with
keeping the water at a steady temperature using insulation. The reason that they had the
best results, is because they understood the 2nd Law of Thermodynamics “heat can only
be transferred from a hotter to cooler” as a result of this, they decided to use materials
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that would trap the heat well. In the future, if Grand Rapids needs a new water heater
system, Lexi, Paige, and Dani’s water heater would be the best choice, because it got the
best results.
-J.P. from Mid-Western High School
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GRHA Rubric
Terms are highlighted, named,
defined and used with evidence.
The terms/concepts must be
connected to data
1. 1st Law of thermo
conductivity /
Conservation of Energy
2. 2nd Law of thermo
conductivity
3. 3rd Law of thermo
conductivity
4. Kinetic Molecular
Theory
5. How energy is transfer
(Conduction, convection,
radiation)
6. Insulation/Conductor
7. R-value
8. Thermal conductivity
9. Control group
Evidence
Compare at least two (2) types of
insulators. One must be yours,
the other must be the best one in
the class
Data table/graph

0
No terms
were used

0 pieces of
evidence are

2= C
3 or more

3=B
4 or more

4=A
5 or more

1-3 pieces
of
evidence

3-6 pieces
of
evidence

7-10
pieces of
evidence

11 or more

Data
tables and
graphs
included
but not
used or
referenced
in the
letter

Data
tables are
missing
important
units
headings,
and
referenced
only once
in the
letter
3 parts of
the intro
included

Data
tables are
mostly
complete
with units
headings,
and
referenced
at least
twice in
the letter
4 parts of
the intro
included

Data tables
are
complete
with units
headings,
and
referenced
more than
twice in the
letter

Some of
the
research
and design
process
was
explained

Most of
the
research
and design
process
was
explained
But some
of the
important
parts are

Research
and design
process was
completely
explained

used
No graphs
or data
tables
included

Introduction
Introduce yourself, why you are a
credible source, what your claim
is, what you did to inform your
position, and outline how you are
going to prove your point
Background
Provide information to build
background understanding about
the research and design process

1
2 or more

No
introduction

2 parts of
the intro
included

No
background
information
was
provided

Somewhat
complete
but with
many
errors or
with many
things
missing.

All
components
of the
introduction
included
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May be
inaccurate
or
incomplete
Conclusion:
End the letter and let them know
what you want to do to get their
business.

No
conclusion
was
provided

missing

Conclusion
included the
main
purpose for
the letter
and final
salutations
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Appendix I
Pre- and Post-Assessment Writing Prompts and Student Exemplars
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Pre-Assessment: September 2013
Examine the following data table:
Density
Liquid 1

0.93 g/cm

Liquid 2

0.79 g/cm

Liquid 3

13.6 g/cm

Liquid 4

0.93 g/cm

Color
3

no color

3
no color
3

Silver

3
no color

Mass
38 g
38 g
21 g
16 g

Melting Point
-98 °C

26 °C
-39 °C

-98 °C

Write a scientific explanation that states whether any of the liquids are the same
substance. The writing should be at least a paragraph in length.
Random examples

The four samples to
the left are all scored at
1 out of 16
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On the left, the two
samples are both
scored at 2 out of 16

On the left, the two
samples are scored

5 out of 16 (Top)

3 out of 16 (Bottom)
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Post-Assessment: May 2014
What affects the speed of a wave?
This writing is your final writing for the year. Be sure to make a clear claim, use the
evidence provided below and then be sure you include reasons that make connections
to states of matter, speed-motion, waves, and energy. When you write your reasoning be
sure to state your vocabulary word, define it, and then make the connection. (say it,
define it, and use it) This writing should be at least 2 paragraphs long.
Speed of a Wave Lab - Sample Data for Tension, Frequency, Wavelength
Tension

Frequency

Wavelength

Speed

(N)
2.0
2.0
2.0
2.0
2.0
5.0
5.0
5.0

(Hz)
4.05
8.03
12.30
16.2
20.2
12.8
19.3
25.5

(m)
4.00
2.00
1.33
1.00
0.800
2.00
1.33
1.00

(m/s)
16.2
16.1
16.4
16.2
16.2
25.6
25.7
25.5

Trial
1
2
3
4
5
6
7
8

Speed of a Wave Lab - Sample Data for Different Mediums and Coil Thickness
Medium
Zinc 1 inch coil
Zinc 1 inch coil
Copper 1 inch coil
Copper 1 inch coil
Zinc 3 inch coil
Zinc 3 inch coil

Wavelength
1.74 m
0.90 m
1.19 m
0.60 m
1.82 m
0.96 m

Frequency
2.01 Hz
3.9 Hz
2.11 Hz
4.18 Hz
2.2 Hz
4.17 Hz

Speed
3.49 m/s
3.51 m/s
2.51 m/s
2.50 m/s
4.004 m/s
4.003 m/s
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Example 15.5/16 ELL Student 6 months in USA
Example 4/16 At Risk Student, New to Mid-Western
A wave moves along a medium from one end to another, if you watch a lake wave
move along a medium (the lake water), you can see the crest of the wave moves from one
location to another. A crest is seen to cover distance, the speed of a wave or object goes
back to how fast a wave or object is going and is expressed as distance traveled per timed
travel. Speed is distance traveled by a given point on a wave. So we come back to what
affects the speed of a wave? Frequency or wavelength of a wave could affect its speed?
The speed of a wave is unaffected by the changes in the frequency. The wave speed
depends upon the medium through which the wave is moving. Only an alteration in the
properties of the medium will cause and change in the speed.
Site source: http://www.physicsclassroom.com/class/waves/Lesson-2/The-Speed-of-aWave
Example 8/16
The medium is the reason for the effect on wave speed. The medium could be anything
(for the electromagnetic spectrum). If the electromagnetic waves are traveling through
empty space, then it can go at top speeds of 300,000,000m/s. But if going through
something like water, it would take longer because then the waves (energy) would now
have to pass through each molecule like a mechanical wave.
When waves are traveling through a medium, different mediums can have different
tensions and densities, like Zinc coils vs. Copper, the Zinc less dense, so the energy has a
harder time going from one molecule to another due to the spacing of the molecules
while the copper molecules are right next to each other, so the energy can flow through
the copper easier, but it would take longer due to the fact that the energy would have to
pass through more molecules than the energy would have to for the Zinc.
Zinc 1 inch coil
0.90 m
3.9 Hz
Copper 1 inch coil
1.19 m
2.11 Hz
(https://www.schoology.com/assignment/115369845/info)

3.51 m/s
2.51 m/s

While the mediums density has an effect, but on the other hand tension can play a big
role in a way that when the tension is more loose, the speed is down, and when the
tension is high, the speed is faster; but why? When the tension is looser the energy has to
flow through a longer distance, when the displacement could be under a half of what the
energy did not need to flow. When the tension is high, so is the Amplitude (the height of
the crest or trough from the origin).

Example Special Education Student 8/16
The medium in which a wave travels through changes the speed of the wave. When a
wave travels through different mediums weather it’s a gas, liquid or a solid. For example
the speed of sound goes through different thing and it takes longer to go through some
object or substance compared to others. The speed of sound in Carbon Dioxide is 259m/s
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and the speed of sound in Hydrogen is 1284m/s. The speed of a wave even travels faster
in different types of water (sea water and regular water). The speed of sound in water is
1493m/s and seawater is 1535m/s. The speed of sound is 5969m/s in Iron and 3240m/s in
Gold. Speed can travel through any thing and its speed it’s different for each thing, there
for the medium is the resin the speed changes.
Example 15.5 ELL student 6 months in the USA
One of the things that affects the speed of a wave is the density of a wave. The density of
an object affects the speed of a wave. How close the particles are like a how close the
particle are in a solid object compared to a liquid. In a solid object the wave or energy
moves faster and according to the graph the highest speed was about 120,000 and in a
liquid it moves slower but its not the slowest through because its fastest speed was about
1,904. On the other hand in a gas the speed of the wave is the slowest and its fastest
speed is about 1,284. The farther apart the particles the less speed there is and the less
spread out the faster the speed of the wave. In the chart in the solid part of it the speed
was faster than the liquid or gas. For example Diamond and Glycerol Diamond has a
sound speed, according to the graph, is 12,000, and the Glycerol has a sound speed of
1,904. Or another example would be s liquid and a gas like Water and Helium, the water
has the sound speed of about 1493m/s and the Helium has the sound speed of about
965m/s. The particles in a solid are closer together making it the speed easier to move.
This shows that density is an important factor for the speed of a wave.
The tension of a wave affects the speed of the wave also. In the chart 1 it shows that
when the tension goes up the speed of the wave’s speed goes up as well. For example
when the tension was at 2N then the speed was at 16.2m/s and to all for tiles the speed
stays somewhat constant the speed increase a little but they are no significant changes,
but when the tension increased at 5.0N the speed of the wave also increased to about
25m/s and the same happen it stayed constant to all the rest of the tiles, the speed did
change a little but they where no significant changes as well. Therefore you could
conclude that when the tension is higher the speed is higher as well. This also shows you
that tension those affect a waves speed.
Another important factor that changes the waves speed is the medium of the wave. The
medium of the wave is the most important factor of them all because it’s the one that
changes the waves speed the most. For example in the second graph they are four factors
of a wave Medium, Frequency, Wavelength and the Wave’s Speed. And the Medium of
the first two tiles are about Zinc one-inch coil and on both of the tiles the waves speed is
about 3.49m/s-3.51m/s therefore they stayed constant when the medium stayed constant,
however when the medium decreases to Copper one-inch coil the Speed of the Wave
decreases as well, the speed decreases to about 2.51m/s-2.50m/s, but when you use
wavelength at the first tile the Wavelength is only about 1.74m and the speed is 3.49, but
when the wavelength decreases significantly to about 0.90m the speed only changes to
3.51m/s which it is actually an increase therefore according to this graph the wavelength
has absolutely no effect on the waves speed. However the Frequency in the third tile is
about 2.11Hz and the waves speed is about 2.51m/s, but in the forth tile the tile increases
significantly to about 4.18Hz and the speed only increases to about 2.50m/s, therefore
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frequency doesn’t change the waves speed either. This proofs that the Medium of the
wave significantly affects the wave’s speed.
This is why the Medium, Tension, and Density are most important factors that affect the
wave’s speed.

Example 16/16
The previous data sets connect back to the states of matter, speed/motion, waves, and
energy. They first relate back to the states of matter because the speed through each
matter will be close to constant. For example, the speed of sound is about 340.29 m/s.
Sound obviously travels through air, but also travels through solids and liquids. The
speed of light differs because this travels through air most easily. The speed of light is
much faster than sound, and is 300,000,000 m/s. The data sets also connect back to
energy because the Law of Conservations state that energy cannot be created or destroyed
only transferred. This supports the statement that only the medium and tension affect the
wave speed. A person might say that the amount of energy imputed into a wave will
determine the speed of the wave. This is not true because the person is never creating
more energy, only transferring. The Law of Conservations also comes true on the subject
that if the medium changes, then the speed is able to change. As looked at in the data, you
could have slight differences in the wave speed between two sets of data in the same
medium. But this is not a drastic change, and this is because energy cannot be created.
The data also relates back to speed/motion because as states in the opening paragraph,
speed refers to wavelength x frequency. If you are calculating two sets of speed in the
same medium, the wavelength and the frequency will only change at the slightest because
they are the same medium. This is also because frequency and wavelength are inverse
properties, which means that if frequency is high then the wavelength is low, and vise
versa. Lastly, the data refers back to waves. This is quite obvious because energy is
transferred through molecules in a wave. A wave can either be transverse or longitudinal.
For the case of sound waves, the wave will be longitudinal, meaning the particles are
displaced parallel to where the energy is first imputed. As one individual particle is
disturbed, it transfers to the next particle, and the disturbance continues. This rate at
which the particles are disturbed relates back to speed, and also proves why in a constant
medium, the speed of that wave will be the same. Through looking at data and referring
the data back to states of matter, speed/motion, waves, and energy, one is able to
determine that the only thing that affects wave speed is the medium in which the wave is
traveling through, and the tension of that wave.
Example 16/16
The only thing that varies speed is the medium in which the waves are traveling through,
and the medium’s tension. Prior to the assignment, the concept was brought to us in the
examples that ask “if two Slinkys are attached to a wall and each person moves the slinky
at a different amplitude, which of the two pulses would take a shorter amount of time to
reach the wall?” The answer was always neither. Neither would get there faster because
in this problem the tension did not vary and the medium that they are traveling through is
a plastic slinky for both, so they are constant. Speed = wavelength x frequency.
Wavelength being one complete wave cycle, and frequency being how often that wave

338
occurs. The previous statements can be proved through looking at examples of data, and
connecting the data back to states of matter, speed/motion, waves, and energy.
In the first set of data, the first five trials were constant, and the tension was set to 2.0 n.
Out of the first five trials, the speed varied at the slightest amount ((16.2, 16.1, 16.4, 16.2,
16.2 (m/s)). The sixth trail’s tension was then changed to 5.0n. The speed of this wave
was 25.6 m/s. The 7th and 8th trail’s were both set at a tension of 5.0 n, and both of their
speeds were quite similar to the first, being 25.7 and 25.5 m/s. The next set of data
shows “different mediums and coil thickness”. This isn’t so much tension that varies, as
it is a different medium in which the waves are traveling through. A medium is simply
the substance or material that carries the wave. For example, the first medium that is
shown is Zinc. Zinc’s mediums in this case are a 1-inch coil, another 1-inch coil, a 3-inch
coil, and another 3-inch coil. For the 1-inch coil, the first set’s speed is 3.49 m/s. The next
set’s is 3.51 m/s. This is a very small difference. This is also shown in the 3-inch coil, the
first set is 4.004 m/s, and the second is 4.003 m/s. And finally, this is shown through both
of the medium Copper 1-inch coil. The first set is 2.51 m/s, and the second is 2.50 m/s.
Again, this is the slightest difference. Although there is a slight difference between each
set, the difference shown here is the medium in which the wave is traveling through. The
last set of data shows the “speed of sound in various substances”. To compare what this
is getting at, imagine hitting a plate with a fork, and then imagine hitting a piece of Jell-O
with a fork. The speed of sound in an object depends on the medium in which the waves
are traveling through. For example, in the data set it is shown that the speed of sound in
air that’s 20*C is 344 m/s. It is then shown that the speed of sound in air at 0*C is 331
m/s. These are very close numbers concluding that the medium changes the wave speed,
and other factors have very slight impacts. Now, comparing the speed of sound in air to
the speed of sound in a solid. The speed of sound in a diamond is 12,000 m/s. This is a
giant change compared to the speed of sound in that of a gas. The difference between a
gas and a solid is the density. It is more difficult for a wave to travel through a gas and
this is due to the closeness of the particles. For example, in a solid, the particles are very
crystalized, and compact. Because of the closeness of the particles, molecules can be
transferred through a solid more easily because the energy does not need to travel very
far to be transferred. This differs from a gas’s case because the greater the density of the
particles of a medium, “the less responsive they will be to the interactions between
neighboring particles and the slower that the wave will be” ("The Speed of Sound." The
Speed of Sound, n.d. Web. 01 June 2014).
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Appendix J
Statistics for Project
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Appendix Pre- and Post-Statistics
Step One: Determine the difference between scores for each set of matched scores
Analytical Literacy and Argumentative Writing

Student
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Post-Assessment
Final

Pre-Assessment
Final
13.0
14.0
6.0
12.0
8.0
16.0
8.0
11.0
8.0
7.0
12.0
16.0
16.0
13.5
16.0
6.0
9.0
11.5
11.0
11.0
11.0
8.0
8.0
13.5
16.0
13.5
16.0
15.8
14.0
16.0
4.0
5.0
9.0

1.0
4.0
0.5
3.0
1.0
5.0
1.0
2.0
4.0
0.0
3.5
1.0
4.0
5.0
4.0
1.0
3.0
1.0
1.0
1.0
3.0
1.0
1.0
1.0
5.5
3.0
6.0
0.5
1.0
1.0
0.5
0.0
2.0

Average Difference
Post-Pre
12.0
10.0
5.5
9.0
7.0
11.0
7.0
9.0
4.0
7.0
8.5
15.0
12.0
8.5
12.0
5.0
6.0
10.5
10.0
10.0
8.0
7.0
7.0
12.5
10.5
10.5
10.0
15.3
13.0
15.0
3.5
5.0
7.0
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

16.0
15.0
9.0
15.0
15.5
15.0
13.0
8.0
15.5
14.0
14.5
12.0
15.5
10.0
11.0
12.0
8.0
16.0
16.0
11.0
16.0
15.0
13.0
4.0
10.5
8.0
14.0
15.5
13.0
16.0
12.0
9.0
13.0
12.0
7.0
16.0
13.0
16.0
12.0
16.0
9.0

4.0
1.0
1.0
1.0
6.0
1.0
1.0
1.0
1.0
1.0
3.0
1.0
1.0
1.0
0.0
4.0
2.0
1.0
1.0
1.0
3.0
4.0
1.0
0.0
1.0
4.0
1.0
1.0
2.0
5.0
1.5
1.0
2.0
0.0
1.0
10.0
2.0
3.0
3.0
1.0
0.5

12.0
14.0
8.0
14.0
9.5
14.0
12.0
7.0
14.5
13.0
11.5
11.0
14.5
9.0
11.0
8.0
6.0
15.0
15.0
10.0
13.0
11.0
12.0
4.0
9.5
4.0
13.0
14.5
11.0
11.0
10.5
8.0
11.0
12.0
6.0
6.0
11.0
13.0
9.0
15.0
8.5
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75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

15.5
4.0
15.0
14.0
9.5
9.0
13.0
14.0
3.0
8.0
13.5
14.0
11.5
16.0
11.0
16.0
16.0
16.0
5.0
14.0
11.5
11.0
15.5
7.0
Average

4.0
0.0
1.0
5.0
1.0
1.0
4.0
1.0
0.0
1.0
2.0
4.0
1.0
4.0
1.0
4.0
1.0
4.0
1.0
1.0
3.0
0.5
2.0
3.0
Average

12.0

Avg. Diff overall
2.1

Step Two: find the mean of the difference scores
Mean of d = (Σ d)/n =10.0
Step Three: find the standard deviation

= 3.2

Step Four: find the standard error of the difference score
= 0.18

11.5
4.0
14.0
9.0
8.5
8.0
9.0
13.0
3.0
7.0
11.5
10.0
10.5
12.0
10.0
12.0
15.0
12.0
4.0
13.0
8.5
10.5
13.5
4.0

10.0
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Step Five: calculate the t-test paired difference
= 30.9

Step Six: find the degree of freedom and critical values for the level of significance
Df = n-1 = 97
Alpha = 0.05; critical t = 1.6607 single tail

Step Seven: apply decision rule
If abs (t) ≥ abs t crit then the null hypothesis can be rejected.
If abs of 30.9 ≥ 1.6 then the null hypothesis is rejected. Therefore the post assessment is
different from the pre assessment scores due to the initiative.
The null hypothesis is rejected, since p < 0.05 (in fact p = 0.00001).
(“Pvalue from t-score,” 2014)
Step Eight: calculate the confidence interval about mean difference

So for a 95% confidence






Alpha = 0.05
Mean of the difference = 10
Critical t value = 1.667
Standard error of mean difference = .18
The upper limit is = 10.29 and the lower limit is 9.69

Step Nine: calculate the effect size
Effect size statistics for the dependent-samples t test Cohen’s d evaluates the
degree (measure in standard deviation units) that the mean of the difference scores is
equal to zero. Effect sizes provide a measure of the magnitude of the difference
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expressed in standard deviation units in the original measurement. It is a measure of the
practical importance of a significant d finding. If the calculated d equals 0, the mean of
the difference scores is equal to zero. However, as d deviates from 0, the effect size
becomes larger. The d statistic may be computed using the following equation: d =
μd/SD. The d statistic can also be computed from the reported values for t and the N as
follows d = t/sqrt N
Modified from (“Understanding the t test,” n.d.) and (“Paired-samples t test,” n.d.)
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Appendix K
Protocol Clearance Letter WMU
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